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Abstract

In these modern days, there are large increasetdmnology in which the
controlling and monitoring of the system can beieatd using software such as
PLC and SCADA. The functions and applications arell vdiscussed in this
dissertation.

This project has involved the standard industialisand process engineering
softwares which are able to solve very complex emallenging tasks. Both PLC
and SCADA are mostly used in production, manufact,r power generation,

refining, and fabrication and process industries.

This dissertation will deeply outline the role df®in the Conveyor belt system to
achieve the sorting of the different types of wasimeaterial type). It wills also
gives the steps that are needed to achieve theolliong and monitoring of the
conveyor belt system using SCADA. Their theoretitelckgrounds will be
discussed as well as the role played by the opseakors and actuators in this
project.
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Chapter 1

1.0 Introduction

1.1 Project Justification

Modernity has advanced in the most areas of engngeeparticularly, in the areas of
manufacturing engineering, control engineering,cpss/chemical engineering, environmental
engineering and many other disciplines in engimgerhll the above mentioned disciplines have
roles to play in the society.

Programmable logic control also known as PLC istiyassed in the mentioned areas above to
achieve and solve complex and challenging tasksngineering and technology, generally in the
automatic systems such as the control of assenmidy rhachinery in factories. Important
software that is essentially used in industriethes Supervisory Control and Data Acquisition
(SCADA). SCADA is mostly used in the areas thatl dgth autonomous Remote Terminal Unit
(RTU). It is used for production, manufacturing,wes engineering, refining, fabrication,
process and many other areas.

The aim of this project is to sort different washand determine whether they are plastic or
metal. The unwanted washer that did not meet ratemdteria is disposed into a rejection bin.
The sorting of these washers include the uses eftbctromagnetic actuators as well as the
optical sensors. The functions of electromagnetiaators mainly include the dispensation of
the washer and also controlling the bins that thshers are directed to. The sensors however,

are used to monitor the incoming washer and déteclvashers’ material type.



1.2 Project Objectives

The specified objectives for this project are:

» To become familiar and confident with basic consegtladder logic

* To convert the existing Allen Bradley Micrologix @@ PLC based controller into
Siemens S7200 PLC based Controller.

» To familiarise with the Citect supervisory contasld data acquisition software(SCDA)

* To construct a mimic diagram using Citect to alloperation of the conveyor system
from a PC.



1.3 Methodology

This project has being done previously using ABzadley PLC based. The procedures involved

in this project prior to the completion are summsadi below:

» Replaced the existing Allen Bradley Micrologix 108Q.C based controller with new
standard PLC (Siemens S7200 PLC based controller)

The operation of the previous PLC needs carefuktstdnding as well as the connection of the

previous PLC. This wills more knowledge and mordearstanding of how PLC works.

» Understand the general operation of ladder loggiemens S7200 PLC based controller
The understanding should include all the requineoMkedge about PLC. This should include the
understanding of timers and their different usagehsas on/off time and their specifications as
well. Understanding of counters such as count epntdown, count up/down and how they
operate, including all the inputs, resets and posugplies are necessary. There is also need of
building the confident and understanding of how ifguts (I), outputs (Q), logic operators,

special memory etc.

» Convert the existing Allen Bradley Micrologix 1008dder logic programme to Siemens
s7200 ladder logic programme.
This process is one of the main objectives in thigject therefore, their understanding is

valuable. Both have timers, counters, inputs ariguis but they are different in configuration.

» Test the written program

The written program is tested and documented poiward the supervision of SCADA.

* Understand Citect SCADA and mimic diagram



After the completion of PLC testing, SCDA should ibeorporated therefore; the general
operation of SCADA should be understood. This idekithe understanding of how SCADA

work and how to build a mimic diagram.

* Build Citect SCADA mimic diagram and test
Successful mimic diagram should be able to contmksystem from the personal computer using
keyboards, mouse etc.

* Write up dissertation
This is the last step required in which all infotroa has to be gathered, grouped and presented
or reported in a very professional manner(dissertatDissertation should include background,

diagrams, tables, figures and other important métdron that are needed in this project.



1.4 Outline of Dissertation

This dissertation is comprised of seven chaptedsverich the first six chapters focused mainly

on the objectives set out in the first chapterr@adtiction Chapter). The overview of each

chapter will be briefly summarized below for singgly to the reader.

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Gives the introduction and presentatiotme objectives and methodology of the

project.

This chapter provides the overview, secgieof operation and hardware
description of the conveyor system. The theoretiegkground of optical sensors

and actuators are also outlined in this chapter.

This chapter discusses the basics of gpe@ramming. This includes the theory
and background of PLC hardware and software. Thdadble features in modern
PLCs are also discussed in details. The descriptibhadder logic is also
provided as well as the programming software araf@mming environment

which are described in detalil.

Focuses on the Supervisory Control and Beguisition (SCADA). It provides
the general description of SCADA and features Citieat are used to control the
system. For simplicity to the reader, simple exaspalre provided to illustrate the
function of SCADA.

Discusses the operation of the convegtirdystem using the Siemens S7200
PLC based controller. It also gives details for tequired inputs, outputs and
description of Ladder logic for the conveyor beglstem. It also provides the
testing procedures that need to be followed siheecontrol of this system is

demonstrated manually, using switches.



Chapter 6 Provides the details of how SCADA igdusecontrol the conveyor belt system. It
describes the role of HMI (human machine interfan®) the general operation of

the system.

Chapter 7 This final chapter concludes the ovevadrk of the project, discusses the
achievements of the objectives and the remaining wwat was not achieve due

to a number of obstacles.



Chapter 2

2.0 The Conveyor System

2.1 Overview

The Conveyor belt subsystem is used for sortinfgidint washers. The system is comprised of
different sequences of operations that are needetbet accomplished prior to the final
determination of the type of material. The sequeoteoperations in this system includes
dispensing a washer, detecting the incoming washake an appropriate height measurement,
detecting the type of the material and finally,qotg the washers into their respected bins. Two
optical sensors are used in this project for detecdf the incoming washer as well as the
detection of the type of material. Electromagnetictuators (figure 2.1(a)) are used for
dispensing the washer onto the moving conveyordselvell as energising the right bins for the

washers and the mortised height measurement gaymgrform the height measurement.

2.1 Hardware Description

As mentioned is the conveyor system overview, skistion will examine the theory behind the
control of this system. There are also many empghasdhe sensors as they play a large role in
the detection of the incoming washer as well asdttection of material type. This section will
discuss the theory of photoelectric sensor, prayimsensors, the induction of eddy current,

optical sensors and finally the electromagnetiaatct.



2.1.1 Photoelectric Sensor

In these modern days, sensors have being playing imgportant roles in engineering and
technology in which they are used to control andsnes an automatic system (S. Middelhoek,
J. Van Der Spiegel, 1987). Their usefulness couted too many parts of engineering. (Sabrie
Soloman, 1998) stated that in order to successéutpmate a process, it is always obvious to
collect information about the status. Thus, senaoesused as part of the control system that is
responsible for obtaining and preparing procedsis@ata as well passing it onto a processor. As
for clarification, photoelectric uses light to dettehe object either it is present or absent.
Photoelectric sensors uses three methods for detetamely; through-beam detection, reflex
detection and proximity detection.

Through-beam method needs the source and detectoe positioned opposite each other in
which light can then be sent directly from souroedetector. Therefore, whenever an object
passes between them, the beam is broken and heigoalling the detection of an object.
Nevertheless, reflex detection method requires Botirce and detection to be put at the same
side of the object which has to be detected. Tiiudetects when the light beam is transmitted
from the source to a retro-reflector which will t&flect the light to the detector. This method is
mostly used due to its flexibilities and simpletaistion as well as providing the best cost-
performance ratio of these three methods. As foxiprity method, the source and detector are
installed on the side of the object which is todetected and focus to the point in front of the
sensor. Therefore, if an object passes in froth@source and detector, the light from the source
is reflected from the surface of an object backhi detector and thus, the object is detected.
These methods are widely used when dealing witht liptectors. For example, initial optical
detector as mentioned in the project background tise through-beam method to detect the

incoming washer and alert the motor to stop thevegor belt from running.



2.1.2 Proximity Sensors

Proximity sensing is a method used for detectirggtesence or absence of an object using an
electronic non contact sensor (Sabrie Soloman, )1988uctive proximity sensors are used for
switches that use non contact sensing metallicctdjeCapacitive proximity sensors can also
behave as inductive but they only detect the notaltie objects. Both of these sensors have

limit switches of up to 100mm.

2.1.3 Inductive Proximity and Induction of Eddy Current

Inductive proximity sensors consist of four badengents. These include sensor coil and ferrite
coil, Oscillator circuit, detector circuit and sbistate output circuit. Firstly, the radio-frequgnc
electromagnetic fields are generated by the osmillzoil which are radiated from the ferrite coil
and coil assembly. These fields are centred artméxis of the ferrite core hence, shaping the
fields and direct them at the sensor face. Thuy eddrent is induced into the surface of the
target when the metal targets the field (Sabri@®ah, 1998).

2.1.4 Optical Sensor

(J. Fluitamn and TH. Popma, 1986) strongly arguedp#cal sensors are always consistent with
light as the source as well as the optical comptsnenlead the light in proper shape to some
modulating agent and detector lastly and may pbsgitbceed by some optical components.
This can be proven by our own eyes because we raarhare being able to detect shapes and

colour movement. Therefore, the initial optical s@nin this project uses this theory to achieve



the detection of the incoming washer and notiffesmotorised height measurement gauge to be

brought down for performance of washer height mesasant.

2.1.5 Actuator

Actuators are digital outputs controllers whichntwontrol process variables or machine action.
These include motors, solid state relay, solenard$ contactors. Generally, Solenoids contain a
coil that has iron circuit which forms the fixedrpgCrispin, 1990) defined the solenoid as an
electromagnetic device that converts an electdigadal into mechanical movement. As it can be
from figure 2.1(a), when energising the thrust [imulls the moving iron plunger into the coil.
This pull process is achieved to a pushing protgsstting a suitable thrust pin as in figure
2.1(b) refer to table 2.1 for the attributes of B4®-709 which is used in this project.

Attributes type Attribute value
Action Pull

Supply Voltage 12Vvdc

Closed Power Continuous 10W

Duty Cycle 100%
Maximum Stroke Length 27mm

Operating temperature Range

-5 to 55 degree Celsius

Weight 2139

Body Depth 59.2mm
Continuous Magnetic Force 400g at 5mm
Width W32mm

Table 2.1 Attributes

Source: R-S Actuators manufacturing webpage
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Figure 2.1(a) general view of electromagnetic actuator

Source: R-S Actuators manufacturing webpage
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Figure 2.1(b) a layout of electromagnetic actuator

Source: R-S Actuators manufacturing webpage



2.2 Sequence of Operation

As mentioned in the project overview, the contraliof the conveyor and sorting of the washers
are achieved by sequence of events. This sectidimesithe importance of these sequences of

operation.

2.2.1 Dispenser

An incoming washer can be dispensed by energisiaglectromagnetic actuator hence, pulling
the armature to allow one washer to be pushed dovamp onto a moving conveyor. At that
stage, the armature will return to an un-energgsesition to block the next washer until it is

called for the next cycle (figure 2.2(a)).

Incoming

Figure 2.2 (a): dispenser

Electromagneti
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2.2.2 Initial Sensor

The theoretical backgrounds of proximity or optisgnsors are pilot devices that detect the
presence of an object without physical contactr(Retla, 1998). They are solid-state electronic
devices which are capable of protecting against dremical, excusive vibration, liquids etc.
These sensors are commonly used in areas suclmsisg@on-metal (glass, plastic), counting,
detecting the height or weight etc.

This initially uses optical sensors which will detéhe incoming washer from the dispenser and
alerting the motor to stop the conveyor at thetrighe to perform the height measurement. It is
for clarification that anything that has light wile detected and that is why the system uses the

black conveyor belt to avoid the interferences i system (figure 2.2(b)).
w

Optical

Figure 2.2(b): optical sensor

2.2.3 Height Measurement System

The performance of height measurement of the washéne second step. This process is
achieved by energising the motor to rotate hendeging down the motorised arm to measure
the height of the washer. As for more elaboratfoy LEDs are used to indicate either the
motorised height measurement gauge is at the T@u @entre (TDC), Bottom Dead Centre

13



(BDC) or if the washer is either too small or tdg.dn other words, the height is not within the

specified ranges (figure 2.2(c)).

LED

Figure 2.2(c): height measurement gauge

Measuring arm

2.2.4 Second Optical and Collection Bins

Depending on the output of the thickness measuresystem and metal detection, the washer
automatically goes to one of their respected biftse sorting of the washer if it is either metal or
plastic is achieved when the metal washer passesptical sensor thus inducing eddy current.
This induced current will cause a reduction toithpedance as proved below using ohm’s law.

V=1x2Z
Where V is voltage in the coil

| is the current and Z is Impedance

Therefore, when the sensors see less impedaned| recognise the washer as metal, or the

washer as plastic. This will allow the electromagnactuator of metal to be energised while de-

14



energising the plastic bin and Vice-versa. The weskthat are not within the tolerance will be

dumped into the rejection bin. (Figure 2.2 (d))

Rejection bil

Metal bir

Plastic bit
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Chapter 3

3.0 Basics of PLC Programming

Programmable Logic Controller (PLC) is a digitaéatonic device that uses programmable
memory to store instruction and to implement spedifinctions such as logic, sequencing,
timing, counting, and arithmetic, data manipulatiand communication in order to control
industrialised machines and processes (Bolton, R(Réfer to figure 3.0 for demonstration of
how the control of the system is achieved. Théeesyscan be controlled by connecting both the
inputs and outputs devices to the PLC. This conmeatill allow the user to monitor the inputs
and outputs accordingly to the user defined progi@ansider the term logic is frequently used
as the programming is based on the logic demandpeft devices (Crispin, 1990). The PLC
software is used to develop the ladder diagram hvicen then be downloaded into the PLC
through port RS232. The required inputs such agscbes, sensors and push buttons are
connected into the input modules however; the dutmedules can be controlled by the CPU of

PLC. This program can executed using the RUN mode.
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INPUTS

Mechanical, contacts, proximity switches

50
S S
33 V V V V
3 —
(Siye]
s
Q PLC _
QD
3 j
D |7 7
?D’ Motors, Solenoids
ol
o
OUTPUTS

Figure 3.0 programmable logic controllers

Source: Crispin, 1990

3.1 PLC Hardware and Software

A PLC system is comprised of basic functional congds such as; Processor units, memory,
power supply units, the section of inputs and otstpaterface, communication interface and
programming device (Bolton, 2006). For more elatiora the processor unit also known as
Central Processing Unit (CPU) has a microprocesgdch interrupts the inputs signal and
performs the action of the control accordinglyhe stored program into its memory and makes
decisions for the output signal. Figure 3.1(a) bestows the new standard PLC Siemens S7200
micro PLC. The developed program is downloaded thts PLC to allow the control of the

system using the required input devices.

17



The S7200 PLC CPU consists of a lot features tledpp the users to perform any kind of
application. These features will be discussed latesection 3.2. Figure 3.1(b) shows the
connection of S7200 CPU 224XP used in this projé#cts comprised of 14 inputs and 10
digitally controlled outputs with data and progranemory of 8192 bytes and an addition of
5120 bytes (petal, 2008).

. . I'0 LEDs - Access daor.

Sg’EUStLE[;& ; ~"" " Mode selector switch (RUN/STOP)
R{:ISNem au Analog adjustment potentiometeri(s)
aToP T Expansion port {for most CPUs)

O:Et:;:g;l Oc:qrtridq?:_ I TAX = Terminal connector
t L, o (removable on CPU 224, CPU 226
Real-ime Clock e and CPU 226XM)
Battery
/ | b
| i —
Communications port \L/ Clip for installation on a standard (DIN) rail

Figure 3.1 (q)
Source: (Petal, 2008)
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CPU 224XP DC/DC/DC
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[ M1+ 00 01 02 03 04 2M2L+05 0 07 1.0 11 |*[ £ M L+ DG|
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[ Moo 0102030405 0607 2M 10 1112 1.3 14 15][M L+ |

VOLLLVYYVLYVYLVLVYYVD
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24 VDT Sensor

f////////f((((((F_Dwerompm

Figure 3.1 (b)
Sour ce (Petal, 2008)

3.2 Available Features in Modern PLCs

The Siemens Simatic S7200 PLC based uses STEPr@/wiit 32 and version 4.0 software.
This software is only supported by Windows 95, vawd 98 and NT environment but not
supported by Windows XP. This modern PLC is comsiswith a lot of features that enable the
user to achieve the main aim of the project. Thstncommonly features used in this project
will be discussed in detail. This includes countérsers, logical operation, the input and output
and, the subroutine and interrupt. Both of thesk @ described in detail as well as their
applications.
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3.2.1 Counters

The counters that are used in the PLC behave siytla those of mechanical counters. The
control of the functions of circuitry is achieved lzounters in which they compare the
accumulated values with the present values. Cosiiai@ mostly used to cause an even to occur
until the count reaches a present values and alsount to a present value and cause an event to
occur. Counters are represented in ladder logforim of boxes (figure?). The Siemens S7200
PLC uses three types of counters namely; up coy&fEd), down counter (CTD) and up/down
counter (CTUD). There are 256 counters availabenS7200 starting from CO to C255.

The up counter counts from the current value teqmevalue (PV). Each time the count input
(CU) goes from logic 0 to logic 1, the countermsremented by 1. This counter can then be reset
by reset input(R). The counted value is storechenpresent value (PV) and thus, whenever the

count is equal or greater the present value, thigatioutput bit (Q) will be energised to be on.

The function of down counter is that it counts frahe present value (PV) whenever the
transition of CD goes from logic O to logic 1. Thatput (Q) is on when the current value is
equal to zero. The counter can then be reset aub lthe current value with the present value
when the load input (LD) is enabled.

The up/down counter uses both concepts of up coantkdown counter. Its counts up from the
present value whenever the transition of CU goem flogic O to logic 1 and likewise, count
down when there is an occurrence of transition &t The output of down counter is on when
the current value is equal to zero. The counteddadie current value with the present value
when the load input (LD) is also enabled. Also¢banter rests, and loads the current value with

zero when the reset (R) is enabled. The countpsstounting when it reaches present or zero.

A good example for this application of counterkeeping the number of tracks in the parking
lot. The counter can be used to count down the eurb tracks entering the park until the

required limits is reached, it will put the signtla¢ entry gate in which no more tracks are allow.
The up/down counter can be used to monitor theoduggtracks and hence, gives space to the

next tracks to enter.
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3.2.2 Timers

The timers permit the delay for the certain contbloperation. They are used for different
purpose in the control of the system. Timers amapgsed of different functions such as off-
delay (TOF), On-delay (TON) and Retentive On-d€IBQNR) comprised with 2566 timers.

The off-delay timer is used for delaying an outptnich is turning off for a certain fixed period
of time after the input turns off. The timer bitnche turned on immediately after the enabling
inputs are turned on. When the input turns off, tineer counts until the present time has
elapsed, then the timer bit turns off. Refer tdadbr the resolutions available of the off-delay
timer. The on-delay timer receives logic 1 or epadd its input (IN), a present amount of time
(PT) passes before the timer bits turns on. Thertmasets to the starting time when the enabling
input (IN) goes to a logic zero. The function oft&dive on-delay performs the same function as
on-delay timer with single different. The retentime-delay timer times as long as the enabling
inputs are on but does not reset when the inpu géfe This timer must be reset with a Reset

(R) instruction.
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Timer type | Resolution| Maximum | Timer
value Number
1ms 32.767 TO, T64
seconds
10ms 327.67 T1-T4,
TONR seconds T65-T68
100ms 3276.6 T5-T31,
seconds T69-T95
1ms 32.767 T32, T96
seconds
10ms 327.67 T33-T36,
TON,TOF seconds T97-T100
100ms 3276.7 T37-T63,
seconds T101-T255

Table 3.2: Siemens $7200 specification for the timers

Source: Siemens Schematic S7-200 manual
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3.3 Ladder Diagram

A Ladder diagrams logical configuration is used flioe PLC that is equivalent to that of an
electrical wiring diagram. The ladder diagram isnpoised of contacts, coils and a special

function of blocks. Multi-connection of more thaneocoil is possible in ladder diagram.

The arrangement of a ladder diagram is such thiatseries horizontal comprised with inputs
also known as contactors and the output also knasvooils. It resembles logical operation in
which the inputs do precede the outputs and iftenan a form of normally open and normally
closed (figure?). It must always contain at least output. Other elements such as counters,
timers, shift registers, interrupts, and subrowican be also are implemented as part of the
ladder diagram.

As mentioned previously, the term ladder is appbedause the lines of the completed diagram
look similar to the rungs of ladder. The laddexgiam is capable of being translated directly in
to a form of program consisting of instructions atada that describes the Boolean instructions
such as LOAD, LOAD NOT, AND NOT and many others.

As part of ladder diagram the operation of latchimguit is very important. This configuration
is used to hold the energised coil (output) evegh the contact that energised this output is in
its OFF state.

3.4 Programming Software and Programming Environment

There is need to understand the basics of S72@@rlecommunications including the uses of
master and slaves devices on a network, settingpdbd rate and network address, setting the
remote address and the selection of the commuareaprotocol for the network.

Master-slave network is supported by the S7200 hviimctioned as master or slave in the

network meanwhile, the STEP7 —micro/Win is alwaysnaster. The function of the master
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device in the network is to send a request to anathvice on the network as well responding to
the request from other master on the network. Somthe master devices include STEP-
Micro/WIN, HMI devices such as TD 200, S7-300 or-400 PLCs. Nevertheless, the slave
devices can only respond to the request made fr@mmiaster devices. S7200 functions in as a

slave in most networks.

Apart from the setup of master-slave and slave cdsvifor the network, the baud rate and
network address also needs to be set. Baud réte ispeed for transmitting the data across the
network and it is typically measured in kilobaudnoegabaud. It is the measured amount of data
that can be transmitted within the fixed amounttiofe. Considerably, each device that
communicates over a particular network must beigargéd to transmit data at the same baud
rate. And thus, the slowest device that is conmetdethe network determines the fastest baud
rate for the network. The baud rates that are suepdy the S7200 are listed in the table 3.4(a)
below. In addition, the network address is defiredthe unique number that is assigned to
particular device on the network. This number marsgure that there is transfer and retrieve of
the data from the correct device. Network addrefses O to 126 are supported by S7200 as
well for an S7200 with two ports; there is netwaddress for each port. Refer to the table 3.4(b)
for the detail of the default setting of the S72l@¥ices.

Network Baud Rate

Standard network 9.6kBaud to 187.5kBaud
Using an EM 277 9.6kBaud to 12Mbaud
Freeport 1200Baud to 115.2kBaud

Table 3.4(a): Baud rate supported by §7-200
Source: CITECT SCADA Help

S7-200 device Default address

STEP-7 Micro/WIN 0
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HMI(TD 200, TP or OP) 1

S7-200 CPU 2

Table 3.4(b): Default addresses for S7-200 devices
Source: CITECT SCADA Help

As discussed above, this section gives the ddtagttng up the baud rate as well as the network
address for the STEP-7 Micro/WIN. Configurationtioé baud rate and network address for the
STEP-7 Micro/WIN is critical. The baud rate must the same as the other devices on the
network while the network address must be a uniguaber. The configuration of the baud rate

and network address is achieved using the belges sthich are also displayed in the figure 3.4

(a) below. These figures are found from Siemene®eltic S7-200 manual

Double click the icon in the communication setupdaw

Click the properties button on the set PG/PC iatefdialog box
Select the network address for STEP-7 —Micro/WIN

Select the baud rate for STEP-7—Micro/WIN

w0 DN PF
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Communicakions

[V Save seffings: with project

—Metwark Parameters

Irkerface: PCAPFI cable(COR 11
Protocol: PRI

hicache: 11-kit

Highest Station (HE2; 31

|- Imter face supports multiple masters

— Tranzmizsion B ate
Baud Rate: 9.6 kbps

|- Search all baud rates

—&ddress
: PC/PPI cablePFI)
Local: o E Addrezz 0
Remate; I 2 j' ) Double-Click
PLC Type: S Hf;"mh

Cancel

Figure 3.4(a)
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Set PG,/PC Interface

EBH - raner

Figure 3.4 (b)

27



Propetties - PC/PPI cable{PPI} x|

PPl | Local Correction |

— Station P arameter:

Addiess: IE 4—/—4_'—/ T[]

Tirneout; I'I % j

— Metwork Parameters
[T Advanced PP

[ Multiplz Maztar Matwark

Transmission Aate: IE'-E kbps <~:! 4
Highest Node Address: I et j
Q. Diefault | Cancel I Help

Figure 3.4 (c)

The subsection describes the setting of the Batedarad network address for the S7200. Using
the same principles, you also need to configurebthed rate and network address for S7-200.
The baud rate and network address and then stortbe system block of the S7-200. Parameters
for the S7-200 are selected as well as downloathiegsystem block to the S7-200. For the

default setting, the baud rate of the S7-200 i&Babid and network address of 2 is used. The
baud rate and network address for the S7-200 dreisseg the below steps which are also

describes in figure 3.4(d)

1. Select network address for S7-200

2. Select the baud rate for the S7-200

3. Download the system block for S7-200
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system Block

Analog Input Filkers I Pulze Catch Bits ] Backaround Time ] EM Configurations I

Fortfz] I Aetentive Aanges |  Password | OutputTable | ImputFiters |
. S Drefauilt: |

PLC Address B = = fangel 126)

Highest Addiess |3 :l | :l [range 1. 126)

BaudFate Sl5kbps x| | [

Retry Count |3 :l | :l frange 0 .. 8]

Gap Update Factor K = | = (range1 . 100)

Canfiquration paramesters must be downloaded befare they take effect. Mot all PLC wpes

suppart every Sustemn Block option. Presz F1 to see which options are supparted by each
FLC.

ok, Cancel

Figure 3.4 (d)

The setting of the remote address is very important for the communication in STEP-7—Micro/Win. The
remote address of the S7-200 and communication (COM) port of STEP-7—Micro/WIN must be set first to
match the current setting of the S7-200 as in figure 3.4(e) before downloading the updated setting to the

S7-200. There are two ways of reconfiguring the COM port. One possible way is to click the
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communication icon in the navigation bar or alternatively, select the View>component>Communication

menu command,

1. Select the remote address
2. Ensure that the parameters for the COM port, the remote S7-200 port, and the PC/PPI cable

match or else the communication fails.

Comimunications |
—Address
! FCAFFI cable(FFI)
Losal 0 E Addresz: 0
Remote: [, = ) DoubleClick
PLC Type: 5 taRetresh

W Save zettings with project

— MHebwork Parameters

[mterface: FCYPPI cable[COM 1]
Pratocal: FF

Mo e 11 it

Highest Station (HS47: e}

[T Interface suppors mutinle magters

— Tranzsmizzion Bate
Baud Rate: S kb

[T Search al baud rates
| (8[04 I Cancel

Figure 3.4 (e)

. e 1
The identification for oth rks that are eltted to your network can be searched as well

the baud rate for the specific network. PC/PPleabd STEP-7—Micro/WIN can only search
baud rate at 9.6kBaud and 19.2kBaud. While for @l and STEP-7—Micro/WIN, the baud
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rate can be search at 9.6KBaud, 19.2kBaud and KBaid. Below steps are followed to
achieved the searching of the baud rate, also ibesadn the figure 3.4(f)
1. Open the communication dialog box and double dhekrefresh icon to start the search

2. To select the all baud rates, select search all bates check box

Communications |
—Address
Local: 0 E EEI:;E;F;L-ESHE[PP”
REmEE 2 =l ) DoubleClick
PLC Tope: b Refresh

W Save zettings with project

— MHebwork Parameters

|mterface: PC/PPI zable[COM 1]
Pratacal: PP

Mo e 11-bit

Highiest Station (HS47: 3

[T Interface supports muttiple masters

— Tranzmizzion Fate /
Baud Rate: 96 kbps
X =Search al baud rates
| (w23 I Cancel

Figure 3.4 (f)

Another important stage is the selection of the momication protocol for the network. These
include the Point-to-Point Interface (PPI), MulbiRt Interface (MPI) and PROFIBUS. Each of
the above mentioned protocols are generally supgday the S7-200 CPUSs.

31



PPl is considered to be master-slave protocol wisiagkesponsible of sending the request to the
slave devices as well getting the response fromstaee device. The slave devices do not
response to messages until the master sends tmequest or polls them for the response. The
communication between the masters and slaves dievad by the means of a shared
connection that is using the PPI protocol. Themoidimit given by PPI to the number of masters

but you cannot install more than 32 masters om#éteork.

MPI is a more advance version which allows commafion for both master-master and master-
slave. The communication of S7-200 CPU and STEPitdWVIN is achieved by establishing
the connection of master-slave but the MPI doescootmunicate with an S7-200 CPU which
functions as master. There is separate connectiorthe network devices to communicate.
There is also limited communication between theiadss to the number of connections
supported by the S7-200 CPU or EM277 modules. Refaable (3.4c) for the number of
connections supported by S7-200.

Module Baud rate Connection
S7-200 CPU Port 0 9.6kBaud, 19.2kBaud,4
187.5kBaud
9.6kBaud, 19.2kBaud,4
Port 1 187.5kBaud
EM277 9.6kBaud to 12Mbaud 6 per module

Table 3.4(c); Number of Connection for the S7-200 CPU and EM277 modules
Source: Source: CITECT SCADA Help
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The PROFIBUS Protocol is a more advanced prototithwvis designed specifically for the high
speed communications with distributed 1/0O devicébere are several PROFIBUS devices
available from many different manufacturers. Theg aange from simple input or output
modules to motor controllers and PLCs. TypicallR@FIBUS has one master and many slave
input/output devices as much as possible. The gordtion of the master device determines the
types of I/O slaves that are connected as welktsriohining the addresses. The master initialises
the network and ensures that there are match aoafigns of slave devices on the network.
The output data can then be written to the slawecdeas well reading them from the slave

device continuously by the master device.
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Chapter 4

4.0 Supervisory Control and Data Acquisition

4.1 Introduction

SCADA stands for Supervisory Control and Data Asgian. It is used to obtain information

from PLC devices as well as providing an interfmecontrolling the system (OXenham, 2001).
It is commonly used as an industrial control systemeh as controlling processes, remote
monitoring, plant visualization and controlling tlsgstem by providing trends, alarms, time
schedule and data lodging. These are displaysrin & charts, reports, and text documents.
This collected information can be used by the systeanagement for tracking product and
monitoring the stock usage in which they are aadethrough PC by windows keyboard and
mouse. It can also be used to monitor and opénatéacilities through internet and hence, cost

reduction. The SCADA system usually contains thie¥ang subsections namely;

 Human Machine Interface also known as HMI. HMI systsupplied functions of
superset to the SCADA. It is where human operetor present the process data and
monitor the performance of the system as well trerolling of that process data.

» Supervisory system which collects the data on tlhegss and sending commands to the
process

* Remote Terminal Units (RTUs). This connects sengbtle process, converts the signal
of the sensors into digital data and precededdigétl data to the supervisory system.

» The final part is communication which connects servisory system to the Remote

Terminal Units.
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4.1.1 SCADA hardware

A SCADA system is comprised of several numbers emBte Terminal Units also known as
RTUs which collects the data and send them baekr@aster station through a communication
system (Bailey & Wright). This will allow the perimance of the system to be monitored and
controlled. Moreover, its benefits are in wide gansuch as efficiency, flexibility, Reliable
choice of global manufacturers. Implementing SCABK maximize the productivity, reduced
the operation and maintenance costs, improve ptoduantity, and secure and protect
investment. Bailey and Wright provide the five Isvef hierarchies as below;

e Communication system

* Field level instrumentation and control devices

* Marshalling terminals and RTUs

* Master stations and,

* The commercial data processing department compystem.
To elaborate more, the interface is provided by R@Uhe field digital and analogue sensors
which are located at each and every remote siteefifeeless, the pathway for communication
between the master station and remote sites carbn@rovided by the communication system.
This communication system can be in form of tele@hline, fibre optic, wire, radio, microwave

and possibly satellite.

4.1.2 Communication between PLC and SCADA

The SCADA is capable of communicating with lots dHvices that are used to monitor and
control such as Programmable Logic Controllers, &enTerminal Units, Distributed control
systems, loop controllers etc (reference?). Figulda) provides the overview of how it can
directly communicate with inputs/outputs thus; allthe transfer of data from the plant to the
device as well allowing the transfer of the datarfrthe device or supervisory control system to
plant or factory (reference)
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|/ Senver D Communication

Channel

nputs — _}Ouf'p uts
e —_—

|/ Device [PLC,

Figure 4.1(a)
Source: CITECT SCADA Help

To enable CitectHMI/SCADA to communicate with a® IDevice you need a device driver.
This is the interface between CitectHMI/SCADA ar tI/O Device which implements the
communication protocol(s) of the I1/0O Device. Theusture of a CitectHMI/'SCADA device
driver is extremely flexible. It allows for a siegdriver to communicate using several hardware
boards, each with several hardware ports, with gamth communicating with several 1/O
Devices (reference?).

There are many serial communication standards tesatlow the communication of I/O server
and /O devices. These include RS-232C, RS-4224855-Their functions will be provided
below

The most common serial data communication interisteadard is RS-232C. It defines the
electrical as well as the mechanical details ofinierface however, it does not define a protocol.
The standard covers the electrical signal chariatitey, the mechanical interface characteristics
(pin out etc) and functional description of cons@nals etc (reference?).

» Point-to-point communication. Between only 2 desgic

D R5-232
— 1 Communications
Cahle
Computer

[0 Device
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Figure 4.1 (b)
Source: CITECT SCADA Help

e Communication is full-duplex. A single wire for@adirection and a ground
wire. This means that generally only 3 wires né@de connected for most
applications. The diagram below shows the 'stalidpmns for a DB-25
Connector.

Secondly the RS-485 is an improved version of R&-4Zhis standard covers the electrical

signal characteristics and functional descriptibrcantrol signals only. It does not define the

protocol, but the protocol used should support iplgltunit addressing and bus contention to

fully utilise this standard. The major advantagi¢hiat all devices can transmit and receive on the
same line.

» Electrically very similar to 422. Logic levels,atrsfer rates and maximum
distance are almost identical.

* RS-485 supports multiple transmitters and receiwgrseach line. This is the
improvement on RS-422.

El FS-485 Cammunication Cakle

Cormputer

fwith an R=-455 TN

serial board)

Figure 4.1 (c)
Source: CITECT SCADA Help

Communication may be either half-duplex or full-thkyp Two wires are used for each direction
and also one ground wire. This means that onlethvires need to be connected for most half-
duplex applications. Five wires are needed for tniol-duplex applications. The diagram

below shows a commonly used pin arrangement foB-#® [ onnector

37



4.2 Features of CITECT SCADA

The Citect SCADA has a lot of features in its saiftev These include User interface, graphics
displays, Alarms, Trends, RTU (and PLC) interfaBealability, Access to data, Database,
Networking, Fault tolerance and redundancy andn@Berver distributed processing(Bailey &
Wright ). These features are listed in the bultahfs below (Bailey & Wright).

4.2.1 User interface include

» Keyboard commands
This command has key sequences that are enteraa dyyerator on the key and command which
are executed when the key sequence is enteredkéiimard command can be used to define
the operator that (Bailey & Wright);

* Only when an operator positions the cursor overezific object on a graphics page.

For all graphics pages displayed on the computeesc
* Only when a specific graphics page is displayed

» Only when an operator positions the cursor overezific object on a graphics page

Other user interface includes;

* Mouse

» Trackball

* Touch screen

» Graphics Displays

* Resolution

» Customer-configuration, object oriented and bit piag

* Unlimited number of pages
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4.2.2 Alarms

The basics of Alarms are used to constantly momitwt alert the operator if there are faults in
the equipment. Hardware Alarms has Citect that ydwauns diagnostic routines and thus,
checking all peripheral equipment likes I/O devicd%is allows faults to be reported
automatically to the operator. It is fully integrdt within Citect thus, no configuration is
necessary. Considerably, alarms that report faaiditions in the plant must be configured.

Some more alarms are summarized in bullet poirtsbg Bailey & Wright)

» Client server architecture

* Timer stamped alarms to one milliseconds precisidetter
» Single network acknowledge and control alarms

» Alarms are shared to all clients

» Alarms displayed in chronological order

» Dynamic allocation of alarms pages

* User-defined format and colours

* Up to four adjustable trip points for each analogiarm

» Deviation and rate of change monitoring for anatglarms
» Selective display of alarms by category (256 caiegd

» Historical alarm and event logging

» Context- sensitive help

* On-line alarm disable and threshold modification

» Alarm-triggered reports

» Operator comments can be attached to alarms
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4.2.3 Trends

A visual representation of past and current astisitmproves understanding of the performance
of the plant. Trend graph allows you to display ¥h&es of the variable in graphical format. As
these values change over time, the graph movessathe page so that the latest values are
always displayed. Scrolling back through historickidta is also allowed. Historical data
collection continues even when the displays are adive. Some useful functions are

summarized below by Bailey & Wright as follow;

» Client server architecture

* True trend printouts not screen dumps

* Rubber band trend zooming

» Export data to DBF,CSV files

o X/Y plot capability

* Events based trends

* Pop-up trend display

» Trend gridlines or profiles

» Background trend graphics

* Real- time multi-pen trending

» Short and long term trend display

» Length of data storage and frequency of monitociaig be specified on a per-point basis
» Archiving of historical trend data

* On-line change of time-base without loss of data
* On-line retrieval of archived historical trend data
» Exact value and time can be displayed

* Trend data can be graphically represented in maal t
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* RTU and PLC interface

» All compatible protocols included as standard

» DDE drivers supported

» Interface also possible for RTUs, Loop controllelsr code readers and other
equipments

» Driver toolkit available

» Operates on a demand basis instead of the conmaehpoedefined scan method

» Optimisation of block data requests to PLCs

* Rationalisation of network user data requests

» Maximisation of PLC highway bandwidth

4.2.4 Scalability

» Additional hardware can be added without replacnghodifying existing equipment

» Limited only by the PLC architecture

4.2.5 Access to data

» Direct, real-time access to data by any network use
» Third-party access to real-time data such as excel
* Network DDE
» DDE compatibility: read, write, etc
* DDE to all I/0O device points
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» Clipboard

4.2.6 Database

» ODBC driver support

» Direct SQL commands or high level reporting

4.2.7 Networking

Citect uses a concept called “Scalable Archite¢twtgch means you can implement
Citect on a single computer or small network andaex at a later stage without needing to
change the hardware, software or system configurati

Each Citect computer on a network is called a Rigillient and at least one of those computers
needs to also be set up as a Citect Server. Eaebt Gerver can be setup for the processing of
I/O information and Alarms, Reports or Trends.

As the project size increases, the Alarms, Reparts Trend functions can be run on separate
server computers.

In addition, Citect also allows you to add redur@afor each of your servers and your network
connections, so that no data is lost when a compaite or a network link is damaged. Some of
them are summarised in bullet points below.

» Supports all NetBIOS compatible networks such ad\ee, LAN manage, Windows or

Workgroups

* Supports protocols NetBEUI, IPX/SPX, TCP/IP andremy others

» Centralised alarm, trend, report process

» Dual networks for all full LAN redundancy

* No network configuration required

* May be enabled via single check box, no configarati
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* LAN licensing is based on the number of users égdgonto the network, not the number
of nodes on the network

* No files server required

* Multi-user system, full communication between opars

* RAS and WAN supported with high performance

* PSTN dial up support

4.2.8 Fault tolerance and redundancy

Many industrial plants cannot afford to have th@itect monitoring system fail at any time.
Building redundancy into your system can prevest Ities of control and monitoring of your
Citect system. Types oédundancy are provided below;

» Dual networks for all LAN redundancy

* Redundancy can be applied to specific hardware

» Supports primary and secondary equipment configurat

» Intelligent redundancy allows secondary equipmermintribute to processing load,
» Automatic changeover and recovery

» Redundant writes to PLCs with no configuration

» Mirrored disk 1/O devices

* Mirrored alarm servers

* Mirrored trend servers

* File server redundancy

* No configuration required

4.2.9 Client/ server distributed processing

* Open architecture design
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Real-time multitasking

Client/server fully supported with no user configtion
Distributed project updates

Concurrent support for multiple display nodes
Access any tag from any node

Access any data( trend, alarm, report) from anyenod
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Chapter 5

5.0 Conveyor Belt Control using the Siemens S7200 PLC based
controller

5.1 introduction

As mentioned previously, PLC is one of the leadingineering and manufacturing software that
can be used in power generation, process industmesiufacturing industries, refining and
fabrication industries to mention few. It applicets and features were used to achieve

controlling the operation of the conveyor subsystem

This chapter will discuss in detail the inputs amatputs requirement in this project, the
description of ladder diagram and finally the pabaes that were used to achieve the operation
of the conveyor belt system. Inputs and outputs vél discussed deeply including the required
inputs and their role as well as the required augma their function. Ladder diagram used in
this project will be discussed in detail featuriagder of each network as well the function of
that network. Finally the testing procedures wik lalso outlines detailing the physical

demonstration as well the scenarios that were dersil to be achieved.
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5.2 input and output requirements

As mentioned previously, inputs and outputs arentlest important functions in all PLCs. They

are sources that drive and control the system.s $hction of the report will discussed the
required inputs and outputs of this project. Thyguneed inputs of this project are up to seven (7)
physical inputs (I) and five (5) physical outpu®®)( Their role in this project will be discussed in
detail. The seven inputs include Top Dead CentJT10.0), Bottom Dead Centre (BDC, 10.1),

Height Indicator(10.2), Start button(l0.5), Stopttom(10.6), first optical sensor (OPTO1,10.3)

and second sensor(OPTO2, 10.4). The outputs ieciDépense Solenoid (QO0.3), Height

measurement motor (QO0.2), Conveyor (Q0.4), Plasti¢Q0.5), Metal bin (QO0.6).

Inputs

TDC (10.0) is called in the first subroutine (SBR_t0 check if the height measurement gauge is
still at the BDC. As for more clarification, thisilsroutine is called in case someone press stop

while the system was running the height measures. ubroutine is only call at the start.

BDC (10.1) is also used in the second subroutiB8R_1) to bring down the height

measurement gauge to it Bottom Dead Centre fopénrmance of height measurement of the
washer. In this subroutine, the Height Indicat@:Z) is also energised to indicator if the height
of the washer is within the specified toleranced #nmus, setting the flag of the height for

simplicity of material detection.

The TDC input 10.0 is also used to for the thirdmwtine (SBR_2) to return the motorised
height measurement gauge to it TDC after performasfcheight measurement. This is also
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discussed more deeply in the section of ladderdradeaturing its ladder configuration.

The conveyor cannot start or it can run continuptfsthe start and stop buttons are not in co-
operated. Hence, physical input 10.5 is used i phoject to start the operation of the conveyor
system. This input is pushed to latch the speciamory flag (M30.0) which is then used
throughout the whole operation of the system. Rugshktop button (10.6) will manually halt the

system by clearing the start flag.

This first optical sensor is used to detectionitfttwming washer to alert the motor hence, bring
down the height motorised gauge to it BDC. Thigaacts simply achieved by switching input
0.3 (OPTO1) hence, setting RUN_ON_LATCH flag whighll play role in starting and
stopping of the conveyor belt. This flag will alspergised timers (T100 and T36) to position the

washer at the right place, right time and allowwggiotime to perform the height measurement.

The second sensor uses physical input (10.4) tectléhe type of material. This process is
accomplished simply by switching 10.4 thus, settftegy AT_OPTO_2 that will be used very
often during the detection of the type of the waskither metal or plastic. This sub-section is

discussed more in the section of ladder diagram.

Outputs

Dispense solenoid (QO0.3) is energised for 2 secasogy T55 timer to dispense washer onto a
moving conveyor belt. This output energised thetedenagnetic actuator to pull armature thus,
allow one washer to be pushed down. Also when thgher reaches the second optical sensor,
the next washer is then dispensed using REDISPEN&gRand the operation continues until
the system is halted by pushing the stop button..
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Q0.2 is physical output used for the operation @fjht measurement. This operation includes
the checking if the motorised height measuremeat isuppermost, placing down the motorised
height measurement it BDC and returning motorissidhit measurement to it TDC. Checking is
achieved by calling the subroutine SBR_0 as dismugseviously as well calling subroutine
SBR_1 to place down the motorised height measuregemge. The measurement gauge can
then be return by calling subroutine SBR_2). Tipsration uses concept of Boolean algebra of
logic operation (OR) in which the output will beeoif one of the above subroutine is on. Refer
to below diagram for more information.

The starting and stopping of the conveyor belt astilled by physical output Q0.4. The
operation of this output needs more considerati®hs.fact that the conveyor can get damage if
the height measure is on it motion, thus, this aégtion can be avoid by stop the conveyor
(Q).4) if the output Q0.2 is operating. RUN_ON_LAHGQvhich uses timers (T100 and T36) is
also considered in which it allow the positioninigtioe washer as well allow enough time for
height measurement. The conveyor is also stoppeshwthreaches to the second sensor of
material detection. This is achieved using the daation of the RESTART_CONVEYOR timer
and HT_OK_AT_OPTO2 thus, allowing specific time the detection of the type of the washer.

Refer to the ladder diagram below.

Directing plastic washer into it respected bin astcolled by the physical output Q0.5. This is
achieved by setting height flag in conjunction wilB7 FLIPPER_2_off timer to allow 12
seconds for the washer to be placed in the plastidRefer to below ladder diagram.

Physical input Q0.2 is used to control the directod the metal washer into it metal bin. If the
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height measurement was within the specified tolarand the metal flag is set,
T33(FLIPPER_1_off) can then be used to allow 15osds for the metal washer to be

successfully placed into its respected bin. Reféhé diagram below for it configuration.

5.3 Ladder Diagram

This section describes in details the function édtlagram used in this project. Each network is

discussed in details as well as its role in thevegar subsystem.

5.3.1 Main Program

Network 1

This network energised subsystems of the conveyopriessing the START_PRESS (10.5)
button to set target M30.0. In other words, atgtest, the dispense solenoid will be activated,
checking if the height motorised gauge is at TDGPTREAD CENTRE) as well as thr conveyor
belt which should only work if the height is atppermost.

|rv1ain Frogram |
MNetwork 1
| setflag M30.0 to latch star buttom |

START_P™I05 hA30.0

)

=vmbal Address Comment
START_PRESS 0.5

Network 2
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As mentioned previous, START_PRESS starts up theveymr subsystems and should be
running unless the STOP_PRESS (10.6) is pressetopleration of subsystems. This is achieved
by latching the network and set the START_FLAG (M30

MNetwork 2

| latch the starn flag to be running untill the stop_press is pushed.

M300  STOP_PR™IDE START™-M30.1
| | | I

— /| 1 /] ¢ )

START™:h301

=

Syrnbaol Address Comrment
START_FLAG hA30.1
STOFP_FRESS 0.6

Network 3

This network runs only at the starting operatiorthaf subsystems. The START_FLAG remains
latching until the stop button is pushed. The hemgbtorised gauge is checked by calling the
subroutine 0 (SBR_0) only if the TDC_FLAG whichsst by SBR_0 is not on (pulse). Hence,
the aim of this network is to raise the height nneasment gauge to it TDC if it happened to be at
it BDC (BUTTOM DEAD CENTRE) so that the height maged arm can be able to touch and
damage the conveyor belt. At the completion of mgrthis network, flag M20.2 (TDC_FLAG)

is set to block any other operation unless the btdgfon is pressed and hence stop the operation

of the whole subsystem.
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Network 3
| setthe height notor gauge to it TDC at start only by calling the subroutine 0 (SBR_0)
START™M301 TDC_F™MZ0.2 SER_O
| l | |
. 1/ EN
avmbol Address Camment
S TART_FLAG kA30.1
TDC_FLAG bZ20.2
Network 4

This network is used to operate the height motdrigguge by placing either TDC, lower it to
BDC and return it to TDC as respectively requirgdising it up to TDC is achieved by using
subroutine 0 (SBR_0) and lowered by subroutine BRS)) and finally, it is returned to it
uppermost by subroutine 2 (SBR_0) since SBR_0 opBbrates at start. Therefore, the network
configured if TDC_MOTOR_RUN (set by SBR_0) is ohshould raise the height motorised
gauge to its TDC or if BDC_MOTOR_RUN (set by SBRid pn, it should lower height gauge
motor to its BDC or if TDC_MOTOR (set by SBR_2)as, it returns the height gauge motor to

it uppermost. Thus, this network deals with therapen of the height measurement.

151 ik setinitially 2s TOC_MOTOR to return height rmotor to it uppermost,
Fun height motor if one of the ahove subroutines is rnning.

ST™=0MM301 TO™=0FFM2™ HEI™=0M:00.2
| | |
Il —(lD
BO™=0FFM1™

_|

TD™=0M:M151

Syrnbol Address Caornrment
EDC_MOTOR_R... [M121
HEIGHT_MOTOR [Q0.2
START_FLAG 30,1
TOC_MOTOR_R... |MZ201
TOC_MOTOR_R... |M151
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Network 5

Initially at the start, the incoming washer is pedldown on to a moving conveyor belt (that is
when the start button is pressed). After the wasbaches the detection operation (that is, the
second sensor), another incoming washer is thgues®d onto the conveyor belt and the
operation continues until the system is halted gbgssing stop button). The system must be
energised and hence the T255 timer is requiredme but the operation of dispensing the

incoming washer and allows the next sequence afteve the subsystem.

Metwork 5
| dizpense one washer on the conveyar atthe start |LE turn on the dispense soleniod atthe start press
S TART™ 301 TEhh
|| N TOM
E04FET 100 ms
svmbol Address Comment
o TART_FLAG k4301

Network 6

As described previously in network 5, the T255 tinienits the operation of the dispense
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solenoid to be energised for about 2 seconds aed thturn to its un-energised position.
REDISPENSER flag (M30.5-REDISPENSER) is set to vallthe dispensation of the next
washer as the first washer reaches the second rs€mghictive sensor location). The

functionality involved in this operation is discedsat network 17.

MNetwork b

energised the dispense soleniod at start press (on for £ seconds and de-energised) and progresshy
after the detection of metalf/plastic (OFTO_2) acheived by Redispense

STY=0MNM301  T256=0FF  DIS™=01:00.3
—l——(
RE™=0FFM3"

_|

Symbol Address Cornment
DISPENSER Q0.3

REDISPENSER M30.5
START_FLAG M30.1

Network 7

The purpose of this network is to control the operaof the starting and stopping of the
conveyor belt. To avoid damaging the conveyor libl, energising motion is halted while the
height measurement is in operation. Thus, the ogvielt can only run if the height motor is
off (height motorised gauge at it uppermost). T$tispping and starting of the conveyor belt
requires other operations to be considered to awamy conflict and to successfully run
accordingly. To successfully perform height measwet, T100, T36 timers or
RUN_ON_LATCH are needed to correctly position thasher at the right position, at the right
time and allow nought time to perform height measant operation. When the washer reaches
the second optic sensor, the combination of the TRES CONVEYOR and
HT_OK_ AT _OPTO2 is used to stop the conveyor andwalenough time to perform the

detection of metal and plastic washers and reftartonveyor after the operation.
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Network 7

at start. energised the carveyar and stop the canveyar far perad ottime to make height measurement
and if the height is ok . Also conveyor is to be stop at OFTO_Z for plastic and metal detection.

STY=0rM301 HEI™=0FF002 RU~=0FFM3™ HT™=0FF:k3™ CON™=0M:00.4
| | | | | | | I

— Il I

T100=0FF T3B=0FF | RE™=0FFTHE

Symbaol Address Comment
CONYEYOR Q0.4
HEIGHT_MOTOR | Q0.2
HT_OK_AT_OPT... | M30.3

Network 8

The operation of this network is discussed in nekwband will be also discuss later in network
9 and 10 respectively. It purpose to keep the cgmvbelt running when it flags are set as the
washer passes the first optical sensor.

Network &
|fir5t optical (OFTO_1) is latch to detect the incaming washer
OFTO_1:10.3 T36 RLMN_O™:M30.2
| l | / l 4 )
| | | | W
RUMN_O™K30.2
| l
| |
=ymkbal Address Comment
OFTO_1 0.3
RUMN_OM_LATCH | M30.2
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Network 9

If the incoming washer has passed the OPTO_1, 15108ed to stop the conveyor and place the
washer at the right time under the height measumendevice to performance height

measurement, thus setting the flag of the RUN_ONT CA.

Network 9

ifthe incoming washer has passedthe OFTO_1, T100 s used to place the washer at the right time
under the height measurement dewvice to performance height measurement.

RUMN_O™:M30.2 T100

} } N TON

20004FET 10 ms

=ymbal Address Comment
FUMN_OM_LATCH | k4302

Network 10

This network uses T36 timer to hold the conveyopstto allow the height measurement period
for about 2 seconds. After 2 seconds, the RUN_ONICH is cleared and hence allowing the

conveyor belt to move again.

Network 10
|TSE is then used to hald the conwveyor fram running until the height measuremt is acomplished.
T100 T36

} } I TOM

10004FET, 10 ms
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Network 11

This network calls the second subroutine SBR_1dlavg the height gauge motor). This process
is achieved if the conveyor has stopped while sutbte 0 (SBR_0) and subroutine 2(SBR_2)

are not operating. Nevertheless, this subroutillenat be called again if the washer has passed
the second optic sensor simply because no mordtheigasurement is required and vice-visa
for the next washer to be called.

Network 11

call the subroutine 1 (SBFE_1)ta bring height motar to BDCilower the height matar) anly if the conwveyar is
not on, not still in subroutine 0 (SBR_0) as well not running the subroutine 2 (SBF_2)

START™M301 COMYEY™Q04 STILL_I™:MZ20.3 STILL_I™M15.2 HT_DK™:M30.3 SBR_1
| l | | | l | l | l
. 1 /] . . . EN
svmbol Address Camment
COMNYEYOR 0.4

HT_Ok_AT_OFT... |M30.3
START_FLAG hA30.1
STILL_IN_SUBD hA20.3
STILL_IN_SUBZ bA15.2

Network 12

This network calls the subroutine 2 (SBR_2) to metine height gauge motor to its upper case
(TDC). This progress is truly provided that the reultine O and 1 are not operating. This
subroutine 2 can operate the height motor onlyhd TDC_COUNTER being reset (C3),
performed in the subroutine 1(SBR_1) using a ndgn@N special memory SMO0.0
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MNetwork 12

after the completion of height measuremet{=BF_1). return the height maotar to it uppermast not to

interfare with the corveyor. this achieved by call subroutine 2 (SBR_Z) anly if itis not still in SBR_D or
SBR_1.

START™:M301 STILL_I™:M20.3 STILL_I™:k12.2 SBR_2
| | | l | l
. 1/ 1/ EN
ovrmbaol Address Comrnent

START_FLAG k3001
STILL_IN_SUBD h20.3
STILL_IM_SUB1 b2 2

Network 13

This network detects the incoming washer as itggm#ise second optical (OPTO_2) and sets its
target (Latching) (AT_OPTO_2).

Network 13
| detect the incoming washer at the second aptical (OFTO_2) and set ittarget (AT_OFTO_2)
OFTO_2104  AT_DP™:h30.4

< )

AT_DOF™:h30.4

=

=ymbal Address Comment
AT_OFTO_2 b 30.4
oOFTO_2 0.4

Network 14

If the AT_OPTO_2 is high and the height measurensenk (height within the specified range)

then stop the conveyor to perform metal/plastieckn for about a two second period which is
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timed out by T96. This sets HGHT_Ok flag if thesenditions are satisfied and stops the
conveyor for the period of 2 seconds.

MNetwork 14

ifthe AT_COFTO_2 is high and the height measurement was okiwithin the specified range) then stop the
convenyor to perform metalfplastic detection for abowt a period of two second which is timed out by T36

AT_DOF™M3I04 HGHT_™M12.3 HT_OK™ K303

=

svmbol Address Camment
AT_OFTO_2 k4304
HGHT_OK bA12.3
HT_OK_AT_OFT.. |M30.3

Network 15

The detection of the material type, either metgblastic is achieved by holding the conveyor for

two seconds to perform the detection operation.cegafter this operation, the conveyor belt

will restart.

Network 15

| restart the conveyar if the detection is dane

HT_OK™M30.3 RESTAR™TYE
|| N TON

20004FT 1ms

=ymbal Address Comment

HT_QK_AT_OFT... |M30.3

RESTART_COM... | T96
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Network 16
As mentioned previously in network 6, the next vaasls dispensed and timed out by T101 as

the incoming washer reaches the OPTO_2. Refeetagkt network 17.

Network 16
| as the incaming washer reaches the OFTO_Z, dispense the next washer and is timed out by by T101
AT_OP™:h30.4 DETEC™T1MN

|| N TON

204FT 100 ms
okl Address Comrent
AT _OFTO_Z hA30.4
CETECT_ME T101
Network 17

This network process the operation of dispensiegi#xt washer onto a moving conveyor as the
first washer reaches the second optic sensor.prhiess is accomplished using T101 timer and
its operations describes in network 16 and netwl@&kThis process should allow the dispense

solenoid to be ON for about 2 seconds.

Metwork 17
| redispense ifthe T101 is not done

AT_OF™M304 DETEC™TIOT REDIS™:M30E

| )

=yrnbol Address Comrnent
AT _OFTO_Z hA30.4

DETECT_ME T101

REDISFEMNSER hA30.5
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Network 18

After the above operation, the flag M30.4 (AT_OPPis then cleared and thus, unlatching the
HT_OK_AT_OPTO_2. This will allow the conveyor toragain. This process is achieved using
the T96 (RESTART) and T101(DETECT_ME) timers eitifethe conveyor has being restart

and the new incoming washer has being pushed batmoving conveyor belt.

Network 18
| resetthe AT_OFTO_2 to clear and able to allow another pass.
RESTAR™TYE AT_OP™k{30.4

| l B )

| | L9

1

DETEC™T1MNM

| l

| |
svmbol Address Comment
AT _OFTO_2 hA30.4
DETECT_ME Tm
RESTART_COM... | T96

Network 19

If height measurement is ok (HT_OK) then the de&acof material type either metal or plastic
can be performed and set the plastic flag if ptasti
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MNetwork 19

| if height measurement was ok (HT_OK) then make metal/plastic detection and set plastic flag if plastic
HT_OK™M30.3 METAL_P™N.0 PLASTI™:MIT.0

| l 4

| /| ¢ )

FLASTI™:M31.0
| |
| |

=yrmbal Address Camment
HT_OkK_AT_OFT.. |M303
METAL_FLASTIC.. (1.0

FLASTIC_BAG hA31.0

Network 20

This network sets the metal flag provided thathbgyht measurement gauge was ok and hence,
taking plastic / metal detection. This process asalas the conveyor starts moving which is
achieved by T96 (RESTART) timer. Otherwise, if tiEght measurement was gauge not to be
within right range, then there is no need to doemuoaterial type detection but rather, the washer
is directed to the dumping bin.
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Network 20
| if the height measurement was ok, take plastic /metal and set metal flag if metal
HT_OK™M30.3 METAL P™N.0 METAL™ M1
| | | / l s )
| | | | W
FETAL™: K311
| |
| |
svmbol Address Comment
HT_OK_AT_OFT.. |M30.3
METAL_BAG bA31.1
PMETAL _FPLASTIC... | 1.0

Network 21

If the height is ok and the plastic flag has beseg T97 (FLIPPER_2_off) is used for directing
the plastic washer to it respected bin.

MNetwork 21

ifthe height ol and plastic flag has being set, TY97 (FLIFFER_Z_off) is used for directing the plastic
washerto it respected hin

FLASTI™:A31.0 FLIFFER™:TS97

| I I TON

20004FT 10 ms

svmbol Address Comment
FLIFFER_Z_OFF | T97
FLASTIC _BAG kA31.0

62



Network 22

This network operates together with network 21 ltovathe duration of sorting the washer
which is achieved by T97 timer. The plastic wastear be directed to its bin using the following
network.

Metwork 22

| direct plasticwasher to it bin

ST7=0RM30T PL™=ONMIT0 FLIP™=0FFTI? PLA™=0MNQ05

—l——

oyrnbol Address Camrnent
FLIFFER_Z_OFF |T97
PLASTIC_BAG h431.0
PLASTIC_BUCKET [Q0.5
START_FLAG t430.1

Network 23

Prior to the operation of the plastic detectior, FLASTIC_FLAG can be then cleared so that it

can allow the system to set another flag for tha meoming washer.

MNetwork 23

| clear the plasticflag if T97 has being timed out to allow the next run.

FLIFFER™TY7 FLASTI™:M31.0
| | r
| {(Rr)
1

swmbol Address Comment
FLIFFER_Z_OFF | T97
FLASTIC_BAG b431.0

Network 24
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If the height measurement gauge is ok and metgl ks being set, T33 (FLIPPER_1_off) is

used for directing the metal washer to it respebtad

Network 24
ifthe height ok and metal flag has being set. T33 (FLIFFER_1_off) is used far directing the metal washer
to it respected hin

METAL™M31 .1 FLIPPER™T33
—| I I TOM

20004FT 10 ms

svmbol Address Cormiment
FLIFFEF_1_OFF | T33
METAL_BAG k4311

Network 25

This network operates together with network 22 ltowathe duration of sorting the washer

which is achieved by T33 timer. This will direcetmetal washer to it bin.

Network 25

‘ metal washer being directed to ithin

ST™=0N:M301 ME™=0NM311 FLIP™=0FFT33 FLIP™=0N:C06

—l—l—i—

aymbal Address Comment

FLIFFER_I Q06
FLIFFER 1 OFF 1733

Network 26
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The Plastic flag can be then cleared if T33 has eged out to allow the next run.

Network 26

| clear the plastic flag if T33 has being timed outto allow the next run

FLIFFER™T33 METAL™MIT

| | I
1 (r)
1
=vmbal Address Comment
FLIFFER_1_OFF | T33
METAL_BAG ha31.1

Network 27

Clear all the flags (targets) used at the end ofi @d every washer to avoid retaining of plastic,

metal and height ok flags

MNetwork 27

clear all the flags (targets) used at the end of each and ewverny washer to alow clear operation
accordingly.

FLIPFER™T33 RBLIMN_O™:M30.2
[ ;
I (R)
1

FLIFFER™TY7Y
| |
| |

svmbol Address Comment
FLIFFER_1_OFF | T33
FLIFFER_Z2_OFF | TH?
RLUM_OM_LATCH | A30.2
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5.3.2 Subroutine 0 (SBR_0)

Network 1

This network captures and latches the M20.0 to @W$E, thus indicating if the height gauge
motor reaches the TOP DEAD CENTRE and other operatinvolved will be discussed in the

next networks.

|SBR_0 |
Network 1 Metwork Title
| switch TDC_OFTO an to capture and latch 20 |

TOC_OFT™I0.0 T3 hA20.0

e —  — )

svmbol Address Camment
TDC_OFTO (0.0
Network 2

T37 is used to reset counter 1 (TDC_COUNTER) inudldosecond. Since this subroutine is run
only at the start, it should check if height matwat BDC and take it to TDC if this condition is

true.
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Network 2
|T3?a5 input for the counter after every 2 seconds.
b20.0 T37
|| N TON
104qFT 100 ms
Network 3

This network operates in conjunction with networto3ake the height gauge to the TDC.

- Network 3

| at start, ensure that TOC is at the uppermost for about 2 second.
T37 TODC_CouU™:C1
|| O CID
1.1
| |
| | LD
i It
=ymbal Address Comment
TDC COUNTER |21

Network 4

Run the TDC_MOTOR height Motor if TDC counter ist fioish otherwise, switch it off. Hence
this sets M20.1 target which is only ran at thetsta
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MNetwork 4

run the TOC_MOTOR height motarized gauget if TOC counter is not finish otherwise, switch it off. set
bZ20.1 targetwhich is run only atthe start,

bA20.0 TOC_Cou™c1 TOC k™20
| | | / | I )
| | | | 5\

svmbol Address Comment
TDC_COUNTER |1
TDC MOTOR_F.. | M20.1

Network 5

When the height motorised gauge reaches the uppgérmet the M20.2 target to stop this
subroutine from running unless the stop buttonhat gtart has been pressed. This process is
accomplished only if the flag M20.2 has been shis also discussed in network 3 of the main.

Network 5

when it reaches the uppermost, setthe M20.2 target to stop this subrountine from running unless the the
stop button the start hawe being press.

b20.0 TDOC_Ccou™:Cc1 TDC_F™MEDE

— = )

=yrnbol Address Comrnent
TDC_COUNTER |21
TDC_FLAG bA20.2

68



Network 6

The flag M20.3 is set to stop other subroutindsgounning if this subroutine is still running.

MNetwork b

| settarget M20.3 to stop other subroutines to be call if this subroutine is still running.

h20.0 TDC_Cou™:Cc1 STILL_1™:M20.3
| | | / | s )
| | | | W

=ymkbal Address Comment
STILL_IN_SUBD hA20.3
TDC_COUNTER |21

5.3.3 Subroutine 1 (SBR_1)

Network 1

This network reset TDC_COUNTER (C3) which was usethe subroutine 2 in order to allow
the clear operation if subroutine 2 is recalledisT¢ontributes to the fact that after each and
every operation of the subroutine 1 (SBR_1), Sutimew2 (SBR_2) is also calls to return the
height gauge motor to the TDC. Therefore, C3 igstresing the normally ON special SMO0.0 to
successfully allow this operation.

| second subroutine |
Network 1 Metwark Title

| Fiegetthe TC opto counter for the nest subroutine 2 so that it can be recall nesd time. |

=kd0.0 TOC_Cou™

I e G

=ymbal Address Comment
TDC_COUNTER |21
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Network 2

If the BDC_OPTO is being switched to an ON pulbentcapture and latch and set flag M12.0
which will indicate either the height motorised gauhas reached the BDC. Other operations

involved will be discussed in the following netwerk

Network 2
| capture and latch if BOC_OFTO is switched an.
BOC_OFT™:101 .2 T3z h12.0
| l | | | | 4
1| | /| | /| ¢ )
kA12.0
| l
| |
svmbol Address Comment
BOC_OFTO 01
Network 3

T32 is used to reset counter 2 (BDC_COUNTER) inuddosecond. When operated the height
motor is at TDC.
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Network 3
|T32 as input far the counter after every 2 seconds.
b1Z2.0 T32
|| N TON
10004ET 1 s
Network 4

This network operates in conjunction with networto3ower the height gauge to the BDC.

MNetwork 4
| BOC counter used ta return the height gauge to the lower dead centre.
T32 BOC_Cou™c2
|| O CID
n.z
| l
| | LD
i It
=yrmbal Address Comment
BOC COUNMTER |2
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Network 5
This network is used to run the height motor uhid height gauge has reached the BDC.

Network b

| it BOC_counteris notfinish . then run the height measurement or else switch it off

bA12.0 BDC_COU™C2 BDC_M™MMI121

— | = )

=ymbal Address Comment
EDC_COUMTER | C2
BDC_MOTOR_R.. [M1Z21

Network 6

In this network, the Flag M12.2 (STILL_IN_SUB1) sst, thus blocking the operation of other

subroutines until it has finished (reaches the BDC)

Network &
| ifthe BOC-COUNTER is notfinsh then set k122 high to stop other subroutine,

b12.0 BOC_CoOL™C2 STILL_I™MI1Z.2
| | | / | s )
| | | | W

=vmbal Address Comment
BOi COUNMTER |2
STILL_IM_SUBT ha12.2
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Network 7

As discussed in the main program, if the heightanbas successfully being placed at the BDC
and that the height of the washer is within thecsjgel ranges of the height. The height of the
washer is found to be ok (achieved by HGHT_INDICAR)hence, set the HGHT_OK FLAG
(M12.3) otherwise, there is no need to set anysfiaghe height of the washer is not within the
limit (Not gauge ok).

MNetwork 7

if the height motar is at the BOC. make height measurement and set flag to indicate if the height
measure is ok,

12,0 HGHT_IMN™I0.2 STILL_I™M12.2 HGHT_™:#M12.3

—

=yrmbal Address Comment
HGHT_IMDICAT .. [10.2

HGHT_OK. hA12.3

STILL_IN_SUBT hA12.2
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5.3.4 Subroutine 2 (SBR_2)

Network 1

This network resets the BDC_COUNTER (C2) that wseduto bring the height gauge motor to
the Button Dead Centre and thus there will be ncenmadication that the height motorised gauge

is still at BDC to allow the subroutine 1 to beledlagain (return the height motor to TDC).

| SUBROUTINE|COMMENTS |
Network 1

| reset the BOC counter |LE C2 using the normally on special memory for the next call. |

=kA0.0 BDC_CoU™Cz2
| | I )
| | 5\

=ymkbal Address Comment
BOC_COUNMTER | C2

Network 2
Switch the Total Dead Centre (TDC_OPTO) on to cagp&nd the latch the memory M15.0 to be
timed out by T63.
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Network 2
switch the Taotal Dead Centre (TDC) opto an to capture and the latch the to the memory kM15.0 10 be
tirned out by Th3.

TDC_OFT™:I0.0 n.3 TE3 b15.0
| | | l | l s
. | /] |/ ¢ )
b15.0
| |
| |

svmbol Address Comment
TDC_OFTO 0.0
Network 3

T63 is used to reset counter 3 (TDC_COUNTER_2)boud 2 seconds. This should operate,
provided that the height motor is at BDC.

MNetwork 3

|TES is usedto count down in about 2 seconds.

h15.0 TE3
} } I TON

10

FT 100 ms
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Network 4

This network operates in conjunction with networto3eturn the height gauge to the uppermost.

Network 4
|TDC counter used to return the height gauge to the uppermost. |
TE3 TDC_COU™C3
—] | O CID
.3
|
— | LD
2P
Symbol Address Comment
TDC_COUNTER_2 [C3
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Network 5

This network is used to run the height measuremealse the height gauge is turned off..

MNetwork 5

| if the counter is not done, then run the height measurement ar else turned off the height gauge.

h415.0 TDC_Cou™:C3 TDC_M™:M151
| | | / | s )
| | | | W

oyrmbol Address Comrnent

TOC_COUNTER_2 | C3
TDC_MOTOR_R... | M15.1

Network 6

As discussed in the main program, each of theseostibes can only run one at a time and
cannot run all at the same time. Thus, flag M15ZI(L_IN_SUB2) is set to block other
subroutines from running until the counter 3 hasdeeset (TDC_COUNTER_2).

Network b
| b15.2 is setto stop other subroutines fram running if this subrountine is running.

hA15.0 TOC_Cou™C3 STILL_I™M15.2

— /)

=ymbal Address Comment
STILL_IN_SUBZ hA15.2
TDC_COUNTER_2 | 3
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5.4 Test procedures

5.4.1 INPUTS

TDC 10.0
BDC 10.1
HEIGHT INDICATOR 10.2
START 10.5
STOP 10.6
OPTO1 10.3
OPTO2 10.4

5.4.2 OUTPUTS

DISPENSE SOLENOID Q0.3
HEIGHT MEASUREMENT MOTOR Q0.2
CONVEYOR Q0.4
PLASTIC BIN Q0.5
METAL BIN Q0.6

The testing procedures come as result of the mewdiafailure of the stop and start button.
Hardware simulation is therefore the best optiondémonstrate the operation of conveyor

subsystem. This is achieved using cases in othedsythe possible scenarios which can be
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found in the appendix C. However, below is a bdeénario to achieve the operation of the
system.

5.4.3 Subroutines

The main program will not be able to run withoue timitialisation of the subroutines. These
subroutines contribute to the whole system gredthat is, initialising the height motor gauge
Subroutine 0 (SBR_0).

This subroutine is only run at the start of thevayor. The TDC_OPTO (I0.0) is switched on
thus, set the TDC flag (M20.0). The TDC countethisn reset using switch (11.3). The counter
can be reset either by I, Q, M or even timers harethe choice of | was made to make it much

easier.

Subroutine1 (SBR_1)

This subroutine lowers the height motor gaugedd®iDC. The BDC input (10.1) is switched on
to set the BDC flag (M12.0). The BDC counter isoadet by (11.2). Nevertheless, the range of
the height can be checked and test simply by swigichn the height indicator input (10.2) so that
the height can be set.

Subroutine 2 (SBR_1)

This subroutine runs after the subroutine 1 torretiie height motor gauge to its uppermost. The
TDC_OPTO(10.0) enable, hence, setting the TDC flad. is used to reset TDC counter.
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5.4.4 Main program

Starting and stopping the conveyor belt:

Starting the conveyor is achieved by pushing tlesed switch (10.5) to latch the start button
(START_PRESS) and set flag (M30.0). This Flag M3l be able to latch the
START_FLAG which will be used more often througle tvhole system. The system can be
manually stopped (halted) simply by pushing thenmadly closed button (10.6) and thus, clear
the START Flag to stop the conveyor subsystem.

5.4.5 First optical sensor

The detection of incoming washers alerts the hengbtorised gauge is achieved by switching
the physical input (10.3) which is an OPTO_1 inplihis will set RUN_ON_LATCH flag in
conjunction with T100 AND T36 timers to stop thengeyor at the right position, at the right

time and allow enough time to perform height measiemt.
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5.4.6 Second Sensor

The second sensor (OPTO_2) is used to detect theriedaype as either metal or plastic. This
process is achieved by manually switching on thgsighl input (10.4). This will set optical 2
flag (AT_OPTO_2) that will be used during the dé&tet process. However, some
considerations are needed in this procedure. ¥iigthe height of the washer gauge is to be not
ok then there is no need to do more detection la@dvasher will be directed to the dumping bin.
The second and third scenarios are that if thaghtes within the predefined range, then the
detection of material type is needed. As mentiopviously in the subroutine (SBR_1), if the
height is ok, then set the HT_OK_AT_OPTO_2 flag.eTéombination of AT_OPTO and
HT_OK_OPTO_2 will set the HGHT_OK flag. The nornyatllosed input is also used as the
METAL_PLASTIC and should be active if this inputpsiysically pushed. The detected metal
will be directed to its metal bin (Q0.6) using tperiod determined by T33 timer as well, the
detected plastic will be directed to it plastic §@0.5) during the period determined by T97
time.

5.4.7 Manual Demonstration Procedures for Conveyor Belt Subsystem

Subroutines

Switch on TDC input (10.0)
Switch on BDC input (10.1)
Make sure HGHT_INDICATOR is off

Main program
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Make sure all switches are on
IL.LE

Switch on OPTO_1 (10.3)
Switch on OPTO_2 (10.4)

Start the system by pushing START_PRESS
System can be halt be pushing STOP_PRESS
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Chapter 6

6.0 SCADA system for the conveyor

6.1 Introduction

The aim of this project involved the implementatafrPLC for the conveyor belt system as well
as the controlling of the conveyor belt system gghre Citect/SCADA software. This software
has mechanism that uses HMI to control the PLCs §hction was not completed in this project
but this chapter will outline some the steps thatld have being done if time would have
permitted. Based on the given examples and sortlegirevious studies made by some students
that it was a clear understanding of the expectatibat would have being proven if there was
enough time available. For consideration, the pe«# uploading the program needs PLC to be
on the run mode and the SCADA system provides gléoglick button on the computer screen
to run/stop the conveyor system outputs. The kstsjg that would have being done to achieved
this section is the setup of the communication betwPLC and SCADA with emphasis on the

express communication wizard, communication digltgs testing of communications.

6.2 The setup of communication between PLC and SCADA
To implement the controlling procedures, the MIMiiagram has to be created or built on the
Citect Graphic Builder but it is very essentiaktm this Program on SCADA. Nevertheless, this

program cannot run if there is no communicationMeen Citect/SCADA and PLC and thus,
there is need to setup the communications betweeRItC and Citect/SCADA.

6.2.1 Express Communications Wizard

The purpose of the Express communications wizardthat it allows the quick setup
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communication with new or existing I/O device. fexery Citect project there is need of at least
one /O server that is defined for it to commurectte 1/O devices. Every I/0O device should be
setup in Citect within appropriate communicationst@col and settings and any interface boards
and communication ports in the computer has todfmed as well. The following bullet points,

step through the Express Communications Wizard:

* |/O server names
* Interface Boards in the computer
e« Communications Ports on the boards

* 1/O devices attached to the port

Running the Express Communications Wizard:

In order to run the Express Communications Wizagml,to Citect Explorer, and then select the
project then double- click on the communicatiordéyl and double-click on the Express 1/O device

Setup. For clarification, the source of below figgiis Citect SCADA Help manual.

1. In the Citect Explorer select the name conveyojgato
2. Double click on the communications folder and deudlick on Express I/O device Setup.

This will allow the below dialog to appear.
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Express Communications Wizard 5[

CitectSCADA
CitectHMI

Thiz wizard zetz up communications for an [0 Device
and optimizes the runtime performance aof the [0
Device.

“'ou zan alzo wze thiz wizard for the configuration of
kemaory and Dizk [/0 Devices

< Bach I M st = I Cancel | Help

Figure 6.2 (a)Express Communication Wizard

3. Click next to continue and the below dialog boxwddappear

Express Communications Wizard ﬂ

Select the |/0 Server you wizh to work, with. v'ou may
create a new | /0 Server by entering the desired name.,
or select from your exizting | /0 Servers.

" Create a new 1/0 Server

I arne; |

¥ sze an existing |40 Server

—

¢ Back I Mewt » I Cancel | Help |

Figure 6.2 (b) Express Communication Wizard with I/O Server Name
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4. Leave the above default name as “IOServer” and aliext to continue and the next

dialog box will appear.

Express Communications Wizard ﬂ

Select the [/0 Device vou wizh toowaork with, You may
create a new | /0 Device by entening the desired name,
or gelect fram your exizting /0 Device.

" Create a new /0 Device

I arne; I

* Edit an existing /0 Device

—

< Back I et = I Cancel | Help |

Figure 6.2 (c) Express Communication Wizard with Edit I/O Device Option

5. An existing I/O Device name will appear then cliedxt to continue. The

Following dialog will appear.
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Express Communications Wizard ﬂ

Select the type of the [0 Device,

%‘ %" External |40 Device
@ = Memary 140 Device

=) " Disk 110 Device

|0 Device name: 0Dy

< Back I Mext = I Cancel | Help |

Figure 6.2 (d) Express Communication Wizard with Different I/O Device

6. Select External I/O Device. Then select the Manufac, Model and

Communications Method from the list. Click nextctintinue

Express Communications Wizard il
=8 Siemens ;I
= [+ Profibus Compatible PLCs
i 7
B
Select the .. i
manufacturer, model - Simatic S5-100U
and method of FE
commupication far B Simatic 55102
the I/0 Device - Simatic 55-115U hd
Selected driver
t anufacturer: Siemens
b odel; SF-200

Commurications: Sernial

¢ Back I Mewt » I Cancel | Help

Figure 6.2 (e) Manufacture, Model and Method of Communication

87



7. The next dialog will appear if connected to a $ef&vice and allows setup a

modem connection to 1/O Device. Click next to coné

Express Communications Wizard ﬂ

Select thiz option if pou will be connecting thiz [/0 Device
to a Public Switched Telephone Metwark [PSTH].

[ Connect 10 Device ta PSTH

— Connection schedule
& HHib:SS | Spnchronize at: Im
i Day
O week
€ Manth
£ O Startup

Fepeat evenyr [15:59:58 j

Ehome number ta dial;

< Back I M ext > I Cancel | Help

Figure 6.2 (f) Public Switched Telephone Network Option
8. This dialog allows entering the com port for sedaVice. Select the correct com port. In

this project the only detected serial port will app(COM1). Click next to continue.
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Express Communications Wizard Xl

'ou have chozsen to use a zerial protocol. The following zerial

EHHH ports have been detected on pour systemn. Pleaze choose the

one you wigh thiz 1/0 Device o communicate through.

Detected =ernal ports:

< Back I Mest > I Cancel Help

Figure 6.2 (g) Serial Ports Detected on System
9. The next dialog box allows to link to an externatabase containing variable tag
information. The link can be to a static file omay take advantage of Microsoft's COM

and DCOM technologies. In this project there isneed to use this feature either. Click

next to continue

Express Communications Wizard il

Select thiz option if you want thiz 10 Device ta link to an
external tag databaze.

[~ Link I/0 Device ta an extemal tag databasze
[Matabasze pe:
TS Diiver =
External tag database;

| Browse...

[Connestiomn shing: |

™| &ddiprefis ta extemally linked tags

T ag prefis I

v automatic refresh of tags
™| Live Update

< Back I Mest I Cancel Help

Figure 6.2 (h) External Tag Database Option
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10.The final dialog displays a summary of the commatians setup. Click finish to end up

express communications wizard.

Express Communications Wizard il

The Commurications ‘izard will make the following changes to
the project ‘ankit’.

+ Baud R ate; 3600

+ Data Bits: a
+ Stop Bits: 1
+ Parity: EVEM_P

+ Connect to Port; 1
+ Special optionz:

kodifving [0 Device 10D ey,

+ Type: External [/0 Device
+ Manufacturer:  Siemens
<

Frint

(Y

Prezz Finizh to save this setup.

< Back I Finizh I Cancel | Help |

Figure 6.2 (i) Final Step for Express Communication Wizard

6.2.2 Communications Dialogs

After running the Express Communications Wizarégs dtommunications dialogs should have
been created as well for the project. These araegp&om the Citect Explorer which is in the
communication folder or it should be in Citect Faj Editor achieved by selecting the menu

communication. This should display the dialogs/6f $erver, Ports, Boards, and I/O devices.

6.2.3 Testing Communications

It is much recommended that the project should dset in the early stage during the
development of the project. This contributes toftw that the project will not operate to satisfy
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the expectations if there is no reliable commuincet This test of communications also ensures

that the correct addressing format was used fovahniable Tags that were defined in the project.

1. Defineavariabletag called Test.
a. In Citect Explorer, Select th&7-200 Communications project and open the Tags
folder then double click on Variable Tags. Theduling form will be displayed.

'H'ariahle Tags [ 57-200 communication test ] I ]
Yarable Tag Mame  |[ES=) [rata Tope Im ﬂ
[0 Device Mame I|DDEV j Address IMH'I A
Raw Zero Scale I Raw Full Scale I—

Eng Zern Scale

I Eng Full Scale I
Eng Units I j Format I - I
|

Comment

Add Eeplacel Delete | Help |

Recard: 1 Linked: Ho ;I

Figure 6.2 (j) Variable Tag for Communication Test

b. Fill in the fields of the form as follows:
Variable Tag Name Test

Data Type DIGITAL

1/0 Device Name I0ODev

Address MR1.0
c. Click onAdd.

2. Create a new graphics pageto display the value of the Test tag.
a. In Citect Explorer, select the S7-200 Commuroecat project and open the Graphics
folder then open the Pages folder.

b. Double click on the Create a new page button.
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c. To draw a button on the page, select the Butiohfrom the toolbox.

d. Move the mouse to where you want the buttortad and press the left mouse button

Drag the mouse to where you want the button tsliind release the mouse button.

e. The following dialog will displayed.

Button Properties |
,ﬁ,ppearance |\/ |nput| 2 hecess I

L]
Tope %
% Teut Teut: ITurn Test Tag OM 5
™ Symbol ]
" Target Fant: ButtonFaont =

=

=

=

] I Cancel Apply Help

Figure 6.2 (k) Button Properties for Communication Test

f. Click on the Input tab (at the top of the diglaand the following dialog will be

displayed.
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Button Properties El
- Appearance ' Input | ﬁ'u:u:essl
5
: — Up command 1
| Action o
TEST=1 | w‘vl =
{ =
=
[ 3
(=2
[}
]
— Logging p=
o
Log mezsage: 5
3
3
o
]

Repeat rate: (500 = milliseconds Clear Property |
k. I Cancel | Spply | Help |

Figure 6.2 (I) Button Properties Up Command for Communication Test

In the Action list click the Up check box and iretlp command field
TypeTest = 1.

g. Click OK.

h. Draw another button by repeating steps e taxdep for this button, type Turning Test
Tag Off in the Text field and Test=0 in the Up coamd field.

i. Select the Text tool from the toolbox and move thesor to a point near the
buttons you drew — by doing this we will place soieet on the page to display
the value of the Test tag.

J. Press the space bar once and then click thenmefitise button. A dialog will be

displayed.
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k. Click on the Appearance tab along the top ofdia¢og then click on the display Value
tab at the right of the dialog. The following diglwill be displayed.

x
v Appearance | Muvementl Scalingl = Fill I Inputl Sliu:lerl .-’-'-.u:u:essl

o)

—Type—————————— OM kext when a
& On/ off TEST -] w;;v| o
' Multi-state m
= fray ﬁ
" Mumeric ;I §
i~ Shing &

5

OFF test: | OFF o

|

OM text: IDN =

<

o

&

| Amcasie,

Clear Property |
OE. I Cancel | Spply | Help |

Figure 6.2 (m) Text Properties for Communication Test
In the ON text when field type Test (as a defaudt Type should already be set as On /
Off), in the OFF field type OFF and in the ON téetd type ON.

L. Click on OK. Your page should now look similarthe following. Then click

on the Save button on the tool bar to save the.page
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comm test

commtest:

Pages Trend: Alams

Q- Q- @ @ & M- & 8- @

Turm Test Tag OFF

Figure 6.2 (n) MIMIC Diagram for Communication Test

3. Run the Computer Setup Wizard.
a. In Citect Explorer, click on My Projects in tReoject List and then double click on
Computer Setup in the Contents Area.
b. Choose Express Setup mode.

c. Select Stand-alone Computer (server and dispieryt).

d. Select the S7-200 Communications project froenditop down list.
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e. As there is only one I/0O Server defined in tfe280 Communications project, it will

automatically be selected. Click next.

f. Click Finish to complete the setup and save gkan

4. Compileand run the project and check you have communications.

a. In the Project Editor, click on the Run Projeatton. This first compiles then runs the

project.

b. The project will now continue to run and acceyuse and keyboard input until it is

shutdown.
d. Check that you have communications and can e#rgyvalue of the Test tag. If the
I/O Server and 1/0O Device are not communicatingntfCOM will appear where the

text was drawn.

e. To shutdown the project, click on the close bosthe title bar of the project window.
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Chapter 7

7.0 Discussion and Conclusion

This chapter as mentioned previously will discuss achievements of the objectives,
which will provide the details of the achieved altjees of this project as well as the

remaining work that needs further study. The caogioluwill summarise the basics of
this project.

7.1 Achievements of objectives

This section details the objectives of this projadtich as being achieved. As

provided in appendix A, the following project objees were stated.
* To become familiar and confident with basic consegtladder logic.

* To convert the existing Allen Bradley Micrologix Q@ PLC based controller
into Siemens S7200 PLC based Controller.

 To familiarise with the Citect supervisory contrahd data acquisition
software(SCADA).

* To construct a mimic diagram using Citect to alloperation of the conveyor
from a PC.

As per first objective, familiarity and confiderttg of understanding of the basic
ladder logic was achieved. The basic of ladderclagere successfully understood.
These included the basics such as inputs, outpaotsjters, timers, interrupts and
subroutines. The details of these basics of tream&ns PLC based control are

provided in chapter 3 which provides the detail$b€ hardware and Software. The
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second objective was the conversion of the existiign Bradley Micrologix
program into the new standardized PLC known as &man$7200 based control. The
new program is written using the new PLC softward was tested to be successful.
The achievements of this objective include simalatof the written program using
hardware simulation and detailing each network a as providing the function of
each network. The third objective deals with ustirding the basics of SCADA.
This objective was accomplished as it can be prdwereferring to chapter 4 which
provides the details of SCADA, its features areduse achieve the control of the
system as well the simple examples provided to aeinate the understanding of this

objective.

7.2 Further work

This project deals with industrialised software #imas, there is expectation that some
parts cannot be achieved due to either time canttrar more study is required. The
last of the objectives for this project was notiaebd due to the time limit. The aim
of this objective was to construct the mimic diagran which conveyor could be
control and operates through PC. This operatiohsf part was attempted but it

could not be finished to meet the dateline.
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7.3 Conclusion

This dissertation covered the backgrounds of bptrial industrialised softwares’
(PLC and SCADA) that are used in power engineenrgecess engineering, power
generation and some many industries that deals thiéh control systems. The
overview of the conveyor system was also coveredvimch the background of
electromagnetic actuators, optical sensors wereiged as well the emphases on the
eddy current which enables the detection on the tfpmaterial. This project is very
essential for the education purpose as it providesknowledge with respect to many

disciplines in engineering.
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APPENDIX A- PROJECT SPECIFICATIONS

ENG4111/4112

PROJECT SPECIFICATION

FOR: Reec R. Muorwel

TOPIC: Remotely Controlled Material Handling Conve@#it
SUPERVISOR: Dr. Tony Ahfock

PROJECT AIM: To design and test a SCADA and PLC based rematayrolled
material handling conveyor belt.
PROGRAMME: (ssue A, 25th March 2008)

1) To become familiar and confident with basic concepts of ladder
logic

2) To convert the existing Allen Bradley Micrologix1000 PLC based
conveyor belt controller into a Siemens $7200 PLC based conftroller.

3) To familiarise with the Citect supervisory control and data
acquisition software (SCADA).

4) To construct a mimic diagram using Citect to allow operation of the
conveyor from a PC.

To use the Sun Global Desktop (SGD) software tootely operate the controlled
material handling conveyor belt by means of a Ci&CADA

AGREED (student)

(supervisor)
Date [/ /2008 Date / /2008
Examiner/Co-examiner:
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APPENDIX B- PLC LADDER DIAGRAM

Main Program

|Main Fragram

Network 1

| setflag M30.0 to latch start buttom

START_F™I05 hA30.0

— )
Symbol Address Camment
START_PRESS 10.5

MNetwork 2

| latch the start flag to be running untill the stop_press is pushed.

h430.0

| , |
| /]

START™ M3
| |

STOF_FRE™I0E START™M3I0N

I s G

syvmbol Address Comment
START_FLAG k4301

STOF_FRESS 0.6

Network 3

| setthe height notor gauge to it TDC at start only by calling the subroutine 0 (SER_D)

—

START™M3I0T TDC_F™MEDZ

EMN

=BR_0

=yvmbol Address Comment
START_FLAG hA30.1
TODC_FLAG b20.2
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MNetwork 4

bA20.1 is set initially as TODC_MOTOR_RUN by subroutine 0 (SBR_ito be run only at start.

bAT2.1 is setinitially as BOC_MOTOR_RUN by subrounting 1 (SBR_1) ta bring height motor to BOC
bA1E.T iz setinitially as TODC_MOTOR to return height motor to it uppermost.

Fun height motor if one of the abowe subroutines is running.

START™MI0T TDC M™MMEDT RHEIGHT™ Q0.2
l |

_l | | I__( )

BDC_M™:M121

—

TOZ_M™h151

=

MNetwork &

| dizpense one washer on the conwveyar atthe start |LE turn on the dispense soleniod atthe start press

START™Ma0 TEbh

—| } I TON

ROHFT 100 ms
=yrmbol Address Comment
START_FLAG h30.1

MNetwork b

energised the dispense soleniod at start press (on far 2 seconds and de-energised) and progressly
after the detection of metal/plastic (OFTO_2) acheived by Redispense

START™:M3I0N TEZ55 DISPEMN™00.3
— D
REDIS™:M305
| |
I I
=ymbol Address Camment
DISPEMNSER Q0.3
REDISFEMSER hA30.5
START_FLAG hd30.1
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MNetwork 7

at start, energized the conwveyor and stop the canveyar far period aftime to make height measurament
and ifthe heightis ok . Also conwveyar is to be stop at OFTO_2 for plastic and metal detection.

START™M3I0N HEIGHT™ Q0.2 RUMN_O™MI0.2 HT_OK™k30.3 COMNYEY™Q0.4
_l I_l / | | / l | / l I )
| | | | | W

T100 T3k RESTAR™ Tk

| l | | | l

| /| |/ |/
=ymbol Address Comment
COMYEYOR 0.4

HEIGHT_MOTOR | Q0.2

HT_OK_AT_OFT... |M30.3

RESTART_COM.. | TH6

FLUMN_OMN_LATCH | M302

S TART_FLAG hA30.1

Metwork 8

|fir5t optical (OFTO_1)is latch to detect the incoming washer

COFTO_1:10.3 T3k RLIM_O™M30.2

I e )

RUM_D™:h30.2
| |
I I
=ymbal Address Camment
DFTO 0.3
RUMN_OMN_LATCH | M30.2
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MNetwork 9

under the height measurement dewvice to perfarmance height measuremeant,

ifthe incoming washer has passed the OFTO_1, T100 is used to place the washer at the right time

RLIN_O™:k30.2 T100

—| } I TON

20004FT 10 ms

= aglals] Address Comment

RUMN_OM_LATCH | M30.2

MNetwork 10

|TSE is then used to hald the cornwewaor from running until the height measuremt is acomplished.

T100 T3k

—| } I TON

10004FT 10 ms

MNetwork 11

not on, not still in subroutine 0 (SBR_0) as well not running the subroutine 2 (3BR_2)

call the subroutine 1 (ZBR_1) 1o bring height motar to BOC{lower the height motar) only if the conveyor is

START™M30 CONVESY™ Q04 STILL_I™M20.3 STILL_I™M15.2 HT_OK™M30.3

— ]

EM

=ymbol Address Comrment
COMYEYDR Q0.4

HT_OK_AT_OFT... | M30.3

START_FLAG k4301

STILL_IM_SUBD hA200.3

STILL_IM_SLUBZ bA15.2
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MNetwork 12

after the completion of height measuremet{SBE_1), return the height motor to it uppermost not to
intetfare with the conweyar, this achiewved by call subroutine £ (SBR_2) only if itis not still in SBR_0 or
SBR_1.

START™MINT STILL_I™MEDS STILL_I™MIEZ.2 SBRE_2

| [, | [, |
— | 1 /] 1 /| EN

=ymbol Address Comment

START_FLAG k4301

STILL_IM_SLIBD h20.3

STILL_IM_SUB1 b12.2

MNetwork 13

| detectthe incoming washer atthe second optical (OFTO_S) and set it target (AT_OFTO_Z)

OFTO_2M04  AT_OFP™M30.4

= )

AT_OF™M30.4

=

symbal Address Comment
AT _OFTO_2 b 30,4

DOFTO_Z 0.4

Network 14

ifthe AT_OFTO_Z is high and the height measurement was aklwithin the specified range) then stop the
conmveyor fo perform metal/plastic detection far about a period of two second which is timed out by TH6E

AT_OF™M304 HGHT_™M12.3 HT_OK™M30.3

— —— <

= aglals] Address Comment
AT_OFTO_Z b 30,4
HGHT_Ok hA12.3
HT_DK_AT_OFT.. | M30.3

108



Metwork 15

| restart the conveyar if the detection is done

HT_OK™:h30.3 RESTAR™TIE
|| N TON
20009qFT 1 ms

Symbol Address Comment

HT_OK_AT_OFT.. |M30.3

RESTART_COM.. | TY6

Metwork 16

| as the incoming washer reaches the OFTD_2, dispense the nextwasher and is timed out by by T101

AT_OP™M30.4 DETEC™T1M

—| } I TON

204qFT 100 ms
=ymbol Address Carmment
AT_OFTO_Z kA 30.4
DETECT_ME T101
Network 17

| redispense ifthe T101 is nat done

AT_OF™M304 DETEC™ TN REDIZ™:M30%

—H < )

Syrmbol Address Comment
AT_OPTO_2 hA30.4

DETECT_ME T101

REDISFEMSER 4305
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MNetwork 18

| resetthe AT_OFTO_2 to clear and able to allow ancther pass.

RESTAR™TI6 AT_OP™:M30.4

| (R
1

DETEC™T101
_| |_
=ymbol Address Comment
AT_DFTO_Z 4304
DETECT_ME T
RESTART_COM.. | T96

MNetwork 19

| it height measurement was ok (HT_OK) then make metal/plastic detection and set plastic flag if plastic |

HT_OE™ 303 METAL_F™N.0 FLASTI™MI1.0
| | | / | s )
| | | \
FLASTI™:M31.0

— |

svmbol Address Comment
HT_OK_AT_OFT.. [M30.3
MMETAL _PLASTIC. | 1.0

FLASTIC_BAG hA31.0

MNetwork 20

| if the height measurement was ok, take plastic /metal and set metal flag if metal

HT_OkE™M30.3 METAL_P™N.0 METAL™:M311
[ |
1 |+ < )
METAL™M31.1

— |

Symbol Address Comrment
HT_Ok_AT_OPT.. |M303

METAL_BAG k4311
METAL_FLASTIC.. |11.0
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MNetwork 21

ifthe height ok and plasticflag has being set, TH? (FLIPFERE_Z_off) is used for directing the plastic
washer o it respected hin

PLASTI™:M3T.0 FLIFFER™:TS?
| N TON
20004FT 10 ms
=ymbal Address Camment
FUFFER_Z_OFF | T47
FLASTIC_BAG h431.0
Network 22

| direct plastic washerto it bin

START™ M3 PLASTI™:M31.0 FLIFFER™TY? PLASTIC™Q0E

| | |
— | 1 /]
=ymbol Address Comment
FUFFEFR_Z_OFF | T497
FLASTIC_BAG hA31.0
PLASTIC_BUCKET | Q05
START_FLAG b 3001
Network 23

| clear the plasticflag if T97 has being timed outto allow the next run.

FUFFER™TY? FLASTI™:M31.0

— I—(?)

Symbol Address Comment
FUFFER_Z2_OFF | T497
PLASTIC_BAG k431.0
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MNetwork 24

to it respected hin

ifthe height ok and metal flag has being set. T33 (FLIFFER_1_off) is used far directing the metal washer

FETAL™:M31. FLIFFER™T33
—] | N TON
20004FT 10 ms
=wmbal Address Camment
FUFFER_1_OFF | T33
METAL _BAG k311
MNetwork 25

| metal washer being directed to it bin

START™M30 METAL™M311 FLIFFER™T33 FLIFFER™.Q0.E

| | l | l 4
— | . |/ ¢ )
svmbol Address Comment
FLIFFER_1 Q0
FLPFER_1_OFF | T33
RETAL_BAG 4311
START_FLAG hA30.1
Network 26

| clear the plasticflag if T33 has being timed outto allow the nexd run

FLIFFER™T33 METAL™M3I11

R )

=ymbal Address Camment
FUFFER_1_OFF | T33
METAL_BAG h431.1
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MNetwork 27

clear all the flags (targets) used atthe end of each and ewvery washer to alow clear operation

accordingly.

FUFFER™T33 RLIN_DO™:M30.2
H <R
1

FLIFFER™:T3Y

—

=ymbol Address Comment

FLIFFER_1_OFF | T33

FLIFFER_Z_OFF | TY47

FLUMN_OMN_LATCH | M30.2

First subroutine ------ SBR_0

| SBR_D

Network 1 Metwork Title

| switch TDC_OFTO on to capture and latch ME20

TOC_OFT™I0.0 T37 1.1 bA20.0
_l I__l 0 | |

| | |
hA20.0

—

Pt
S

svmbol Address Comment
TOC_OFTO 0.0
Network 2
|T3?as input for the counter after every 2 seconds.
200 T37
— | N TON
104qFT__ 100 ms
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MNetwork 3

| at star, ensure that TOC is at the uppermost for about 2 secaond.

T37 TOZ_Cou™e

—| } CD CTD

1.1

— | L

=yvmbol Addrass Camment

TDC COUNTER [

MNetwork 4

run the TOC_MCOTOR height motarised gauget if TDC counter is natfinish othenwise, switch it off. set
bA20.1 targetwhich is run anly at the stan,

h20.0 TOC_Cou™C TOC_M™kMZ00

— = )

=vmbol Address Cormrent

TODC_COUNTER |

TDC_MOTOR_R.. | M20.1

MNetwork &

when it reaches the uppermost, set the M20.2 target to stop this subrountine from running unless the the
stop button the start hawe being press,

k200 TDC_Cou™c TDC_F™mM20.2

— =< )

Symbol Address Comment
TDC_COUNTER |1
TODC_FLAG hA20.2
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Network b

| settarget M20.3 to stop other subroutines to be call if this subroutine is still running.

h420.0

TOC_Cou™C1 STILL_1™:M20.3

— )

=ymbol Address Comment
STILL_IN_SLIBD hA20.3
TOC _COUNTER 1
Second subroutine (SBR_1)
Metwork 2
| capture and |atch [f BDC_OFTO is switched on.
BOC_OFT™I01 nz Ti2 k120
| | | | | 4
1 - I ¢ )
k12.0
Symbal Address Comment
BOC_OFTO 101
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MNetwork 4

| BOC counter used to return the height gauge to the lower dead centre.

T3z BOC_ColU™cz
| O CID
n.z
| l
| | LD
2B
syvmbol Addrass Comment
BOC_COUNTER |2

MNetwork 5

| it BOC_counteris notfinish . then run the height measurement ar else switch it off

hA12.0 BOC Cou™cz BDC M™MI121

— /=

=ymbol Address Comment
BDOC_COUNMTER | CZ

BDC_MOTOR_R.. |M121

Network b

| ifthe BOC-COUMNTER is not finsh then set k12 2 high to stop other subroutine.

h12.0 BOC _Cou™cz STILL_I™:MI1E2.2

— < )

=ymbol Address Comment
BOC_COUMTER |22
STILL_IN_SUB1 bA12.2
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MNetwork 7

ifthe height motar is at the BDC, make height measurement and setflag ta indicate if the height
measure is ak.

bA12.0 HGHT_IM™:10.2 STILL_I™M1Z.2 HGHT_™:M12.3

— =<

svmbol Address Comment
HGHT_IMDICAT.. |I0.2

HGHT_ Ok hA12.3

STILL_IM_SUBT hA12.2

Third subroutine (SBR_2)

Network 2

switch the Total Dead Centre (TDC) opto on to capture and the latch the to the mermory M15.0t0 he
timed out by T3,

TDC_OPT™IN0 113 T63 M15.0
— 7 /| | —C )
M15.0

—

svmbol Address Comment
TOC_OFTO 0.0
Network 3

|T53 iz used to count down in about 2 seconds.

hA15.0 TE3

} } I TON

110

FT 100 ms
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MNetwork 4

|TDC counter used to return the height gauge ta the uppermost.

TE3 TDC_COouU™C3
—] | O CID
1.3
|
— | LD
i I
=ymbal Address Camment
TOC COUNTER_Z | C3

MNetwork 5

| if the counter is not done, then run the height measurement or else turned off the height gauge.

hA15.0 TOC_COU™C3 TDC_M™M151

N
| — < )

Symbol Address Comment

TOC_COUNTER_Z | C3

TOC MOTOR_R.. | M15.1

MNetwork b

| b15.2 is setta stop other subroutines from running if this subrountine is running.

hA15.0 TOC_COoU™C3 STILL_I™:M15.2

— )

= aglals] Address Comment

STILL_IM_SUBZ b15.2

TOC_COUNTER_Z | C3
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APPENDIX C- DEMONSTRATION SCENARIOS

First Scenario (case 1)

Assume the washer is metal and the height is within the defined height limits

Sequence Number Operator Action Expected Outcomes Comments

1 Switch on 10.0 | This subroutine will be | Refer SBR_0 first
(TDC_OPTO). responsible of initial | subroutine.
Simulation of the first | checking either the

subroutine

height motorised gauge
is at the TDC or BDC.
Pressing 10.0 will latch
and set M20.0 to be
high thus setting flag
TDC_MOTOR_RUN
(M20.12).
TDC_MOTOR_RUN
Flag is set to run the
motor only at the start

and should not run

again until the main
program has being
halted. TDC_FLAG

(M20.2) target is also
set to take the height
measurement gauge to
it uppermost provide
that the hight motorised
gauge was found to be
at the BDC.
STILL_IN_SUBO
(M20.3) flag is set to

stop other subroutines

Finally

from running until it is

finish.
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Switch on 10.1
(BDC_OPTO)
simulation of the second

subroutine

The expected outcome
for this subroutine is to
lower the height
motorised gauge to it
BDC. On

special memory (SMO0.0)

Normally

is used to

Reset C1
(TDC_COUNTER) so
that this counter can be
the next

used for

incoming washer.
Pressing 10.1 will latch
M12.0 to be ON (HIGH)
until it target (flag) is
clear. This is achieved

by setting the following

flags I.E
BDC_MOTOR_RUN
flag which lower the

height motorised gauge

to it lowest part and

STILL_IN_SUB1 flag
which stop other
subroutines from
running until this
subroutine is finished.

Most importantly, Height
Ok flag (HGHT_OK) is
also set to indicate if the
height of the washer is
within the predefined
range of limits. If the
HGHT_OK is high, then
the detection of the
material type will be
determined. This will be
discussed further in
sequence number 6. if

the HGHT_OK is not ok,

Refer to SBR_1 second

subroutine
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then there is not need to
do any more detection
and hence, the washer
will be directed to the

dumping bin,

Switch on 10.0
(TDC_OPTO).
Simulation of the third

subroutine

This
responsible of returning
the height

subroutine is

motorised
gauge to it uppermost
(TDC). SMO0.0 special
memory is used to reset
C3 so that it can be
recall for the next cycle
of incoming washer. To
successfully return the
Height motorised gauge
to it TDC,
TDC_MOTOR_RUN

flag is set as well setting
another flag
(STILL_IN_SUB_2) to
avoid other subroutines
from interrupting while
this subroutine is

running until finished.

Refer to third subroutine
(SBR_2)

Press 10.5
( START_PRESS), a
normal starting of the

conveyor

This will energise height
motorised gauge (Q0.2)
thus, checking either it
is at TDC or BDC. If it is
at BDC, it will take it to
TDC. The dispense
solenoid (Q0.3)

comes on and hence,

also

dispensing the washer
onto the conveyor. This
will also allow conveyor
belt to move (QO0.4).

When it reaches
motorised gauge, the
conveyor  stops to

Refer to network 1
network 4
(Q0.2)HEIGHT_MOTOR,
network 6
(QO0.3)DISPENSER and
network 7
(Q0.4)CONVEYOR
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performance the height

measurement of the

washer.
Switch ON 10.3 | This network will | Refer to the network 8,
OPTO_1. Simulating | simulate the detection of | Network 11 and

the detection of the

incoming washer.

the incoming washer
and hence, alerting the
motor to bring height
motorised arm to it BDC
(by calling subroutine 1,

SBR_1) for the height

measurement and
return it to the TDC
(SBR_2). To
successfully perform
height  measurement,
T100, T36 timers or
RUN_ON_LATCH are
needed to correctly

position washer at the

right position, at the

right time and allow
nought time to perform
height

operation

measurement

network 12

Switch ON 10.4
OPTO_2.

the detection of

Simulating
the
material type. That is,

either metal or plastic

This

determine the type of

network will

material (metal/plastic).

This is accomplished by

latching its flag
(AT_OPTO_2). It was
also assumed
previously that the

height was gauge as ok.

Refer to network 13

Press 11.0
(METAL_PLASTIC).

Simulation for directing
the metal washer into

metal bin.

This network will direct
the washer
directly bin
(Q0.6). By pressing 11.0,
it will set the metal flag

HIGH. Thus,

metal

to metal

to be

Refer to network 20
(METAL_FLAG)
Network 24
(FLIPPER_1_OFF)
And network 25
(FLIPPER_1)
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energising the metal bin
within a period of time
determined by T33

timer.

Press stop 10.6
(STOP_PRESS)
Stopping the conveyor

system

By press stop button,
the system will be
halted thus, clearing all

the flags used (reset).

Refer to network 2

Second Scenario (case 2)

Assume the washer is metal and the height of the washer is either too small or too big.

Sequence Number Operator Action Expected Outcomes Comments

1 Switch on 10.0 | This subroutine will be | Refer SBR_0 first
(TDC_OPTO). responsible of initial | subroutine.
Simulation of the first | checking either the

subroutine

height motorised gauge
is at the TDC or BDC.
Pressing 10.0 will latch
and set M20.0 to be
high thus setting flag
TDC_MOTOR_RUN
(M20.1).
TDC_MOTOR_RUN
Flag is set to run the
motor only at the start

and should not run

again until the main
program has being
halted. TDC_FLAG

(M20.2) target is also
set to take the height
measurement gauge to
it uppermost provide

that the hight motorised
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gauge was found to be
at the BDC.
STILL_IN_SUBO
(M20.3) flag is set to

stop other subroutines

Finally

from running until it is

finish..

Switch on 10.1
(BDC_OPTO)
simulation of the second

subroutine

The expected outcome
for this subroutine is to
lower the height
motorised gauge to it
BDC. On

special memory (SMO0.0)

Normally

is used to

Reset C1
(TDC_COUNTER) so
that it can be used for
the next  incoming
Pressing 10.1
will latch M12.0 to be
ON (HIGH) until it target

(flag) is clear. This is

washer.

achieved by setting the

following flags I.E
BDC_MOTOR_RUN
flag which lower the

height motorised gauge

to it lowest part and

STILL_IN_SUB1 flag
which stop other
subroutines from
running until this
subroutine is finished.

Most importantly, Height
Ok flag (HGHT_OK) is
also set to indicate if the
height of the washer is
within the predefined
range of limits. If the

HGHT_OK is high, then

Refer to SBR_1 second

subroutine
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the detection of the

material type will be
determined. This will be
discussed further in
sequence number 6. if
the HGHT_OK is not ok,
then there is not need to
do any more detection
and hence, the washer
will be directed to the

dumping bin,

Switch on 10.0
(TDC_OPTO).
Simulation of the third

subroutine

This  subroutine is
responsible of returning
the height motorised
gauge to it uppermost
(TDC). SMO0.0 special
memory is used to reset
C3 so that

recall for the next cycle

it can be

of incoming washer. To
successfully return the
Height motorised gauge
to it TDC,
TDC_MOTOR_RUN

flag is set as well setting
another flag
(STILL_IN_SUB_2) to
avoid other subroutines
from interrupting while
this subroutine is

running until finished.

Refer to third subroutine
(SBR_2)

Press 10.5
( START_PRESS), a
normal starting of the

conveyor

This
height motorised gauge
(Q0.2) thus,
either it is at TDC or
BDC. If it is at BDC, it
will take it to TDC. The

will  energise

checking

dispense solenoid
(Q0.3) also comes on

and hence, dispensing

Refer to network 1,
network 4
(Q0.2)HEIGHT_MOTOR,
network 6
(QO0.3)DISPENSER and
network 7
(Q0.4)CONVEYOR
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the washer onto the
conveyor. This will also
allow conveyor belt to

move (QO0.4). When it

reaches motorised
gauge, the conveyor
stops to performance

the height measurement

of the washer.

ON 10.3
Simulating
the

Switch
OPTO _1.
the detection of

incoming washer.

This
simulate the detection of
the

network will
incoming washer
and hence, alerting the
motor to bring height
motorised arm to it BDC
(by calling subroutine 1,
SBR_1) for the height

measurement and
return it to the TDC
(SBR_2). To
successfully perform
height = measurement,
T100, T36 timers or
RUN_ON_LATCH are
needed to correctly

position washer at the

right position, at the

right time and allow
nought time to perform
height measurement

operation

Refer to the network 8,
Network 11 and

network 12

Switch ON 10.4
OPTO_2.
the detection of

Simulating
the
material type. That is,

either metal or plastic

This

determine the type of

network will

material (metal/plastic).

This is accomplished by

latching its flag
(AT_OPTO_2). It was
also assumed
previously that the

height was gauge as ok.

Refer to network 13
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Press stop 10.6
(STOP_PRESS)
Stopping the conveyor

system

By press stop button,
the system will be
halted thus clearing all
the flags used(reset)
and conveyor will be on

OFF motion

Refer to network 2

Third Scenario (case 3)

Assume the washer is plastic and the height is within the defined height limits

Sequence Number Operator Action Expected Outcomes Comments

1 Switch on 10.0 | This subroutine will be | Refer SBR 0 first
(TDC_OPTO). responsible of initial | subroutine.
Simulation of the first | checking either the

subroutine

height motorised gauge
is at the TDC or BDC.
Pressing 10.0 will latch
and set M20.0 to be
high thus setting flag
TDC_MOTOR_RUN
(M20.12).
TDC_MOTOR_RUN
Flag is set to run the
motor only at the start

and should not run

again until the main
program has being
halted. TDC_FLAG

(M20.2) target is also

127




set to take the height
measurement gauge to
it uppermost provide
that the hight motorised
gauge was found to be
at the BDC.
STILL_IN_SUBO
(M20.3) flag is set to

stop other subroutines

Finally

from running until it is

finish.

Switch on 10.1
(BDC_OPTO)
simulation of the second

subroutine

The expected outcome
for this subroutine is to
lower the height
motorised gauge to it
BDC. On

special memory (SMO0.0)

Normally

is used to

Reset C1
(TDC_COUNTER) so
that it can be used for
the next  incoming
Pressing 10.1
will latch M12.0 to be
ON (HIGH) until it target

(flag) is clear. This is

washer.

achieved by setting the

following flags I.E
BDC_MOTOR_RUN
flag which lower the

height motorised gauge

to it lowest part and

STILL_IN_SUB1 flag
which stop other
subroutines from
running until this
subroutine is finished.

Most importantly, Height
Ok flag (HGHT_OK) is
also set to indicate if the

Refer to SBR_1 second

subroutine
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height of the washer is
within the predefined
range of limits. If the
HGHT_OK is high, then
the detection of the
material type will be
determined. This will be
discussed further in
sequence number 6. if
the HGHT_OK is not ok,
then there is not need to
do any more detection
and hence, the washer
will be directed to the

dumping bin,

Switch on 10.0
(TDC_OPTO).
Simulation of the third

subroutine

This
responsible of returning
the height

subroutine is

motorised
gauge to it uppermost
(TDC). SMO0.0 special
memory is used to reset
C3 so that it can be
recall for the next cycle
of incoming washer. To
successfully return the
Height motorised gauge
to it TDC,
TDC_MOTOR_RUN

flag is set as well setting
another flag
(STILL_IN_SUB_2) to
avoid other subroutines
from interrupting while
this subroutine is

running until finished.

Refer to third subroutine
(SBR_2)

Press 10.5
( START_PRESS), a
normal starting of the

conveyor

This
height motorised gauge
(Q0.2) thus,
either it is at TDC or
BDC. If it is at BDC, it

will  energise

checking

Refer to network 1
network 4
(Q0.2)HEIGHT_MOTOR,
network 6
(Q0.3)DISPENSER and
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will take it to TDC. The
dispense solenoid
(Q0.3) also comes on
and hence, dispensing
the washer onto the
conveyor. This will also
allow conveyor belt to
move (QO0.4). When it
reaches motorised

gauge, the conveyor

stops to performance
the height measurement

of the washer.

network 7
(Q0.4)CONVEYOR

Switch
OPTO _1.

the detection of

ON 10.3
Simulating
the

incoming washer.

This
simulate the detection of
the

network will
incoming washer
and hence, alerting the
motor to bring height
motorised arm to it BDC
(by calling subroutine 1,
SBR_1) for the height

measurement and
return it to the TDC
(SBR_2). To
successfully perform
height  measurement,
T100, T36 timers or
RUN_ON_LATCH are
needed to correctly

position washer at the

right position, at the

right time and allow
nought time to perform
height

operation

measurement

Refer to the network 8,
Network 11 and

network 12

Switch ON 10.4
OPTO_2. Simulating
the detection of the
material type. That is,

either metal or plastic

This

determine the type of

network will
material (metal/plastic).
This is accomplished by

latching its flag

Refer to network 13
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(AT_OPTO_2). It was
also assumed
previously that the

height was gauge as ok.

7 Press 11.0 | This network will direct | Refer to network 20
(METAL_PLASTIC). the  plastic  washer | (METAL_FLAG)
Simulation for directing | directly to plastic bin | Network 21
the plastic washer into | (Q0.5). By pressing 11.0, | (FLIPPER_2_OFF)
plastic bin. it will set the plastic flag | And network 22
to be HIGH. Thus, | (FLIPPER_2)
energising the plastic
bin within a period of
time determined by T97
timer.
8 Press stop 10.6 By press stop button, | Refer to network 2

(STOP_PRESS)
Stopping the conveyor

system

the system will be
halted thus, clearing all

the flags used (reset).

Fourth Scenario (case 4)

Assume the washer is plastic and the height of the washer is either too small or too big.

Sequence Number Operator Action Expected Outcomes Comments

1 Switch on 10.0 | This subroutine will be | Refer SBR 0 first
(TDC_OPTO). responsible of initial | subroutine.
Simulation of the first | checking either the

subroutine

height motorised gauge
is at the TDC or BDC.
Pressing 10.0 will latch
and set M20.0 to be
high thus setting flag
TDC_MOTOR_RUN
(M20.1).
TDC_MOTOR_RUN

131




Flag is set to run the
motor only at the start
should not

and run

again until the main
program has being
halted. TDC_FLAG
(M20.2) target is also
set to take the height
measurement gauge to
it uppermost provide
that the hight motorised
gauge was found to be
at the BDC.
STILL_IN_SUBO
(M20.3) flag is set to

stop other subroutines

Finally

from running until it is
finish.

Switch on 10.1
(BDC_OPTO)
simulation of the second

subroutine

The expected outcome
for this subroutine is to
lower the height
motorised gauge to it
BDC. On

special memory (SMO0.0)

Normally

is used to

Reset C1
(TDC_COUNTER) so
that it can be used for
the next  incoming
Pressing 10.1
will latch M12.0 to be
ON (HIGH) until it target

(flag) is clear. This is

washer.

achieved by setting the

following flags I.E
BDC_MOTOR_RUN
flag which lower the

height motorised gauge
to it lowest part and

STILL_IN_SUB1 flag

Refer to SBR_1 second

subroutine
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which stop other
subroutines from
running until this
subroutine is finished.

Most importantly, Height
Ok flag (HGHT_OK) is
also set to indicate if the
height of the washer is
within the predefined
range of limits. If the
HGHT_OK is high, then
the detection of the
material type will be
determined. This will be
discussed further in
sequence number 6. if
the HGHT_OK is not ok,
then there is not need to
do any more detection
and hence, the washer

will be directed to the

dumping bin,
Switch on 0.0 | This  subroutine is | Refer to third subroutine
(TDC_OPTO). responsible of returning | (SBR_2)
Simulation of the third | the height motorised
subroutine gauge to it uppermost
(TDC). SMO0.0 special

memory is used to reset
C3 so that it can be
recall for the next cycle
of incoming washer. To
successfully return the
Height motorised gauge
to it TDC,
TDC_MOTOR_RUN

flag is set as well setting
another flag
(STILL_IN_SUB_2) to
avoid other subroutines

from interrupting while
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this subroutine is

running until finished.

Press 10.5
( START_PRESS),
normal starting of

conveyor

a
the

This
height motorised gauge
(Q0.2) thus,
either it is at TDC or
BDC. If it is at BDC, it
will take it to TDC. The

dispense

will  energise

checking

solenoid
(Q0.3) also comes on
and hence, dispensing
the washer onto the
conveyor. This will also
allow conveyor belt to
move (QO0.4). When it
reaches motorised

gauge, the conveyor

stops to performance
the height measurement

of the washer.

Refer to network 1,
network 4
(Q0.2)HEIGHT_MOTOR,
network 6
(QO0.3)DISPENSER and
network 7
(Q0.4)CONVEYOR

Switch
OPTO 1.

the detection of

ON

incoming washer.

10.3

Simulating

the

This network will
simulate the detection of
the incoming washer
and hence, alerting the
motor to bring height
motorised arm to it BDC
(by calling subroutine 1,

SBR_1) for the height

measurement and
return it to the TDC
(SBR_2). To
successfully perform
height  measurement,
T100, T36 timers or
RUN_ON_LATCH are
needed to correctly

position washer at the

right position, at the

right time and allow

nought time to perform

Refer to the network 7,
network8,
Network 11 and

network 12
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height measurement

operation
Switch ON 10.4 This network will | Refer to network 13
OPTO_2. Simulating | determine the type of

the detection of the
material type. That is,

either metal or plastic

material (metal/plastic).

This is accomplished by

latching its flag
(AT_OPTO_2). If the
AT _OPTO_ 2 is high
and the height
measurement was ok
(height within the
specified range) then

stop the conveyor to
perform metal/plastic
detection for about a
period of two second
which is timed out by
T96. This
HGHT_Ok flag if these

conditions are satisfied

sets

and stop the conveyor
for the period of 2
seconds. It was also
assumed previously that
the height was gauge

as ok.

Press stop 10.6
(STOP_PRESS)
Stopping the conveyor

system

By press stop button,
the system will be
halted thus clearing all
the flags used(reset)
and conveyor will be on

OFF motion

Refer to network 2
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